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L Introducticm* 



In the history of plant and animal breeding it has been commonly 
observed that the mating of different varieties or species may produce 
offspring which, in certain respects, are unlike either parent. In 
some instances the qualities of this mixed, or heterozygous, individual 
are an improvement upon either parent form, just as superior strains 
of com are in reality hybrid-products, or as the crosses between cer- 
tain varieties of poultry yield birds of different plumage or of larger 
size than that of either parent. In the continued propagation of these 
desirable typeSj the plant or animal breeders have, however, encoun- 
tered much difl&culty. This difficulty deals primarily with the follow- 
ing circumstance: In the majority of cases the heterozygous form 
does not breed true; upon continued propagation it breaks up again 
into the parent types, and leaves only a certain proportion of heter- 
ozygous individuals which themselves, when bred further, behave 
in the same manner.* In other words, no method is known of 
"fixing" a heterozygous character, — of causing it to faithfully repro- 
duce itself through successive generations. That knowledge of such 
a method would be a valuable addition to the theory and practice of 
both plant and animal breeding, no one can deny; whether it is 
possible, remains to be ascertained. 

The many variable features possessed by domestic poultry and the 
ease with which crosses between diverse types can be made, render 
this group of animals especially favorable for studying the behavior, 
in inheritance, of such so-called heterozygous characters. At the 
outset of this investigation, in 1909, barring in fowls was selected as 
the character to be studied. The barred color-pattern in feathers 
was then tentatively regarded as a heterozygous condition arising 

*A case in point ia that of the Blue Andaluaian fowl which ia a "hybrid" product and never 
breeds true. 
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from the mixture of black ana white. The problem was therefore, 
first of all, to produce this character de novo, as it were; or at least, to 
obtain it as a result of mating fowls which, in themselves or in their 
ancestry, were not known to possess the condition either in a fixed 
or in a transitional state; in other words, in selecting the material 
to be employed in the investigation, the use of Barred Pljrmouth 
Rocks and other barred breeds, as well as of their ancestors and their 
derivatives, was to be scrupulously avoided. Secondly, the problem 
was to so breed the birds manifesting the newly-produced character 
that it should be made a permanent acquisition of the breed. 

As will appear in the following pages this end has in a measure 
been reached, — ^that is to say, a breed of barred fowl has been pro- 
duced through the employment in breeding of factors found in birds 
which manifested no somatic barring. But the nature of the results 
secured is such as to call into question the truth of the very hypothesis 
upon which the investigation was originally based. In other words, 
the question is now raised whether we are justified in considering the 
type of barring revealed and studied in the experiments to be reported 
in the light of a heterozygous character. The recently-devised 
factor-hypothesis and its application to the principles of breeding 
and laws of heredity, together with the theory of unit-characters, has 
profoundly modified our views regarding the fundamental nature of 
the things that are inherited. Thus, to discover a factor for barring 
where it was not previously known to exist, and to produce such a 
factor (or such a pattern) de novo by the bringing together of simpler 
germinal elements, are manifestly two different operations. A dis- 
cussion of the bearing of this consideration upon the results of the 
present investigation may well be deferred until the experimental 
data have been presented. It may be said here, however, that these 
data may not be valueless notwithstanding that their significance now 
appears to be different from that first assumed; and the investigation 
as a whole, though, perhaps not dealing with the actual "fixation" 
of a heterozygous character as first surmised may still have the merit 
of throwing new light upon one phase of the inheritance of the barred 



Digitized by 



Google 



Constitution of the White Leghorn Breed. 155 

color-pattern; and, in addition, of producing a new type of fowl 
through the isolation, and subsequent employment in breeding, of a 
previously hidden factor. 

The barred color-pattern is doubtless a very old and a by no means 
uncommon form of marking in the pliunage of both wild and domestic 
birds. With some modification it is present in the feathering of many 
of our game birds, but it is in one or two varieties of domestic fowl 
that the character is to be seen in the purest and most extended form. 
At the present day the Barred Plymouth Rocks, an American breed, 
represent by far the most perfect development of the barred pattern 
to be found in any species or variety of bird. 

The origin of barring in domestic fowls is not easy to ascertain. 
It appears probable that the barring used in making the breed of 
Barred Plymouth Rocks as it is known to-day was derived from the 
American Dominiques. These birds, which possess less perfect 
barring than the Barred Plymouth Rocks, are stated by some to have 
inherited this marking from the "cuckoo" birds of England, but this 
point is not supported by available evidence. It must therefore be 
concluded that we are not acquainted with the maimer by whicn the 
definite barred color-pattern was first introduced into the breeds of 
domestic fowl. So far as can be ascertained, however, no new breeds 
of barred fowl have been produced since the making of the American 
Barred Plymouth Rocks, in which, as has been stated, the Domi- 
niques were the major component. A partial exception to this state- 
ment is found in the words of Wright (1910), who states that barred 
birds are som.etimes the result of crosses between white birds and those 
of dark color. Wright assumes that barring is not a primary char- 
acter [unit character], but a sort of mixture through which the breed 
of Dominiques may have been founded. He further observes that 
when once produced, this character "has a strong tendency to per- 
manence." These opinions of Wright were based upon observations 
made from time to time in the poultry yard and without especial 
study. Within the past few years, however, the method of in- 
heritance of many characters in fowl has been made by several 



Digitized by 



Google 



156 Bulletin No. 155.— 1913. 

investigators the object of especial study and, among these characters, 
that of barring has received some consideration. We may therefore 
review briefly some of the recent work on this subject. 

IL Historical Resume* 

Hurst (1906) was among the first to test the Mendelian principles 
of heredity with respect to characters of fowl. Although he did not 
make a particular study of barring he makes several references to the 
appearance of this color-pattern in cross-bred birds. Among other 
crosses was Houdan cf X White Leghorn 9 . This cross "gave 94 
whites and 11 blacks; of these, 22 were apparently clear white, 72 
white ticked with black, one black with white head, and 10 black 
ticked with white. In each case the tickings were slight and not 
extensive, so that in the ground color, the distinction between white 
and black was marked and discontinuous. In the first plumage all 
except two of the clear whites developed black ticks, similar to those 
that were bom ticked; the blacks developed into 6 blacks and 5 
'cuckoos;' 5 of the blacks were slightly ticked with white in the 
crest only, and in their plumage were indistinguishable from the 
Crdve-coeur breed, the other black developed into a typical light 
Houdan; the 5 cuckoos were gray-white, barred with blue-black or 
white feathers; both the blacks and the cuckoos were distinctly 
shaded with brown. Curiously enough the 6 blacks were all pullets 
and the 5 cuckoos all cockerels!" But this result, as will be shown 
later, is wholly explainable on the ground that Hurst's Wliite Leghorn 
99 were heterozygous for the barred plumage character, and that 
they were not pure for white. 

Later, Hurst mated one of the cuckoo cockerels with two of the 
black pullets. From this mating, 43 chicks were hatched, all with 
black down-feathers. But 34 were ticked wnth white, 7 had white 
heads and 2 were strongly shaded gray. Of those hatched, 31 were 
reared and gave, in the first plumage, 17 cuckoos and 14 blacks. 
"Of the cuckoos, 7 were cockerels and 10 were pullets, and of the 
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blacks, 8 were cockerels and 6 were pullets, so that the correlation of 
black with 9 and cuckoo with cf in Fi was not maintained in F2." 
Hurst states further that "the cuckoos were precisely similar to those 
of Fi, having a gray-white groimd barred with blue-black, with odd 
black or white feathers. . . . The blacks were of two types, 
dark Houdans and Craves, suggesting that the cuckoo male parent 
was giving off black gametes. No dominant whites appeared in this 
mating, suggesting that the cuckoo male parent was not giving off 
dominant white gametes." 

It is interesting to note that the cuckoo cf mentioned above sub- 
sequently moulted into almost clear white, only one feather on the 
back being tipped with gray. 

Besides the Houdan X White Leghorn cross. Hurst also crossed 
Black Hamburg cf with White Legtiori> 9 . The progeny comprised 
49 whites and 8 blacks; of these one was apparently clear white, 48 
were ticked with black, and 8 were black with whitish throats. None 
of these chicks were raised for further observation, and Hurst draws 
no conclusions regarding the origin of the barred pattern described. 

Davenport (1906) has also described a type of barring which 
appeared when certain black and white breeds were crossed. In 
these matings dominance of white was the usual result. Two White 
Leghorns crossed by a Black Minorca produced in Fi only white 
birds, the 99 having some black feathers White Leghorns crossed 
with Houdans gave only white progeny This result is at variance 
with Hurst's mentioned above. White Leghorns crossed with Red- 
backed game had "white offspring with some buff on breast." "On 
the other hand," Davenport continues (p. 75), "the white color of 
the Silky dominates over the dark color of the Frizzle in about only 
23 per cent, of the hybrids." 

Davenport states further that no barring resulted from crossing 
White Leghorn with Houdan or with Black Minorca. Barring in the 
male progeny did appear, however, in matings between the Tosa 
fowl and White Cochin, between White Leghorn Bantam and Dark 
Brahma, and in matings between White Leghorn Bantam and Rmnp- 
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less Game. ''Of 26 hybrids between Black Cochin and White Leg- 
horn, 8 were barred black and white, and these belonged equally to 
the two sexes." 

With reference to barring, Davenport in his 1906 report concludes 
as follows: "Barring is a heterozygous condition found in hybrids 
from' a white and black parent. It is provisionally regarded as a 
form of particulate inheritance as opposed to the alternative in- 
heritance of the Leghorn X Minorca cross. This heterozygous con- 
dition when interbred, usually breaks up into white, uniformly 
pigmented, and barred, as in the case of the Tosa X White Cochin 
hybrids." As to the inheritance of white and dark plumage, Daven- 
port states : '' Aside from cases of barring and Andalusian coloration, 
white usually dominates over dark plumage. This is true in all cases 
where White Leghorn is employed as a white race, whether the other 
race is Game, Dark Brahma, Houdan or Minorca. When the Silky 
is used as the white race, white is sometimes recessive, but it must be 
acknowledged that the dark parents were not the same as were used 
with the Leghorn, but were a Game, Frizzle and Jimgle fowl; con- 
sequently the results in the two series are not strictly comparable. 
. . . It is hardly conceivable that the white of the Silky is different 
from that of the Leghorn; so it must be concluded that the white 
inherited as a solid color is sometimes dominant and sometimes 
recessive, depending upon the race in which it inheres." On this 
point, we now have further light as will be indicated later in this 
paper. 

In Davenport's later report (1909) upon inheritance of character- 
istics in domestic fowl, the application of the factor hypothesis is 
strongly evident, and, in the light of later researches, several of his 
earlier conclusions are modified or the results receive a somewhat 
diflferent interpretation. 

Among the Black X White crosses reported in this paper is the 
cross White Leghorn (cf?) X Black Minorca ( 9 ?)- In 154 offspring 
there appeared 116 white, black-white, or blue, and 38 black. Some 
of the latter contained more or less white, and among them were four 
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barred birds. This result approximates very closely the expected 
Fi Mendelian ratio.* Since the birds that are heterozygous for white 
and black appear white, we have 75 per cent, of white birds. Appar- 
ently Davenport was not working with the pure-bred White Leghorn 
stock. 

In a cross between White Leghorn and Black Cochin there appeared 
among 24 offspring, 10 white, 7 black and 7 barred. In this case 
Davenport assumes that the Leghorn was heterozygous for white 
(since half the progeny were not white) and heterozygous for barring. 
Subsequently the barred birds which resulted from the above cross, 
were mated together. This cross gave 23 white birds, 40 blacks or 
games, and 21 spangled, barred or blue. Regarding this result 
Davenport says: "On the assumption that the zygotic formula of 
both hens and cocks is BbN2Ww (compatible with barred plumage), 
we get four-sixteenths of the offspring white, three-sixteenths mottled 
or barred, and nine-sixteenths bl^k or game, thus approximating^ 
the observed result; i. e., 21, 16, 47, as compared with 23, 21, 40. The 
result supports the hjrxwthesis of a barring factor, B." 

That Davenport obtained barred birds in a cross between White 
Leghorn Bantam and Dark Brahma has already been mentioned : Of 
51 Fi birds, 5 were barred. An attempt was made to fix the barring. 
The best cock bred from F2 and the best females from Fi or F2 were 
used for the experiment. From this cross there were obtained 3- 
whites, 67 blacks, 37 of Dark Brahma type and 38 barred birds. 
"This result," says Davenport, "suggests the interpretation that one 
of the parents, probably the male, contains both heterozygous black 
and barring, while the other parent lacks the supermelanic coat and 
has homozygous barring. Then, of the offspring, half will be barred 
and half will be black, and consequently (since only the non-black 
show their barring), one-fourth will appear barred, one-fourth will 
appear of the Dark Brahma type and half will be pure black, or have 
the pattern obscured by the supermelanic coat." 

Besides the studies j)n barring reported above, deaUng chiefly with 
crosses between light^' and dark birds, the barring of the Pljrmouth 

*Pn>vided that the White Leghorns were heterosygous for white. 
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Rock breed of fowls has, within the past two or three years, received 
«oine consideration. 

The fact has long been noticed by observant poultr3rmen that the 
progeny from crosses between Plymouth Rocks and dark non-barred 
breeds varied with respect to the barred color-pattern, according as 
the male bird belonged to one or the other race in question. Ciish- 
man (1893) was probably the first to report this circumstance. 
This writer made a large munber of crosses between pure-bred fowls 
with the purpose of perfecting a good market roaster. Among his 
<5rosses were Indian Game cf X Barred Plymouth Rock 9. Gush- 
man (I. c.) gives a brief description of this cross and states that the 
cockerels had barred plumage whereas the pullets were all black. 

It is probable that other poultrymen have observed similar results 
from such crosses, but without recording their observations. Yet 
the facts observed awakened little speculation imtil the attempt was 
made to place upon them an interpretation agreeing with the Men- 
•delian view of heredity. Spillman (l908) then devised a Mendelian 
hjrpothesis to account for the facts observed in the inheritance of 
barring. This hypothesis may be briefly stated as follows: 

1. When barring is present in female birds, they are heterozygous 
for this character; they are also heterozygous for the female sex 
character (F). 

2. When barring is present in male birds, they may be either 
heterozygous or homozygoics for this character; the males are always 
homozygous for the absence of the female sex character. 

3. Barring (B) and the character, "femaleness" (F), never exist 
together in the same gamete. 

This may be represented sjrmbolically as follows: 
Let F represent the female sex character (9). 
Let /represent the absence of femaleness, or the male sex character 
<cf). 

Let B represent the factor for barring. 

Let b represent the absence of the barring factor. 
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Employing these symbols, the zygotic formula of the Barred 
Plymouth Rock cf becomes 

BBSS, 
forming gametes 

Bf'Bf 

The zygotic formula of the 9 becomes 

BhFf, 
forming gametes 

Bf'hF 

since, by hypothesis, B and F (or their complementary combination, 
6/), cannot be present in the same gamete. 

The matings occurring in the propagation of pure Barred Ply- 
mouth Rock stock would therefore be represented: 

cf B/ • B/ X 
9 Bf'hF = 

9 9 BhFf, Barred 
c? cf BBff, Barred 
the 99 being heterozygous for barring and the cfcf homozygous. 
If, however, we have the mating between the Barred Plymouth 
Rock and some dark non-barred breed, such as the Rhode Island Red, 
the case is different, and the results vary accordingly as the cf is 
chosen from one breed or the other. 
The zygotic formula of the R. I. Red cf (non-barred) would be 

W/, 
forming gametes: 

hS-hf 
while the formula of the Barred Rock 9 is as shown above. This 
mating would therefore become: 

cT 6/ • V X 
9hF Bf = 

cT cf Bbff, Barred 
99 66f/, Black 
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In other words the cf cf would be barred (heterozygous) while the 
99 would be black. 

The reciprocal cross would be represented 

c? Bf'BfX 
9bF ' bf = 

cf cf Bbffy Barred 

9 9 BbFf, Barred 

both cf cf and 99 being heterozygous for barring. In other words, 

all progeny are barred when the cf parent is homozygous for this 

character. 

That Spilhnan's hypothesis could be verified in experimental results 
was first shown by Goodale (1909) in a brief paper reporting the 
results of matings between Buflf Rocks and Barred Plymouth Rocks. 
In a subsequent note, Goodale (1910) states that in crosses between 
White Leghorn (9) and White Plymouth Rock (cf), only white 
birds appeared in Fi; in a few of these faint bars developed. In 
F2, however, there were white, black, gray and barred chicks, the 
latter resembUng exactly the Barred Plymouth Rocks. 

In addition to the instances of barring mentioned above. Pearl 
(1912) has reported, upon the authority of an English fancier*, the 
history of the "Cuckoo Pekins." This bantam breed, according to 
the authority cited, was produced from a mating of Black Pekin (cT) 
with White Booted (9). One of the 9 progeny showed "stone- 
colored bars on a milk-white ground." This bird was mated back to 
its sire, the Black Pekin. The cuckoo pullets from this mating were 
mated with a cuckoo cockerel derived from imported Chinese Cuckoo 
stock. Inbreeding was practiced until a permanent cuckoo variety 
was established. Regarding the origin of this barred pattern, Pearl 
assumes that it did not arise de novo, but that the barred factor was 
present in the White Booted parent. However this may be, one 
further point is of interest, namely, the question of the alleged trans- 
mission of barring from the White Booted 9 to her daughter. As 

*Mr. William F. Entwisle, who has published the account in his book, "Bantams," Wakefield, 
EngUnd. 1894 (?), p. 1-110. 
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will be shown later, this is contrary to the established method of 
inheritance of barring as it occurs in the Barred Plymouth Rock 
breed; and without more convincing evidence the case does not 
appear to warrant the assumption that barring of this sort is inherited 
in any other manner than that now generally accepted. 

in« Experimental Results* 

As has been stated, at the outset of this investigation barring was 
tentatively regarded as a heterozygous condition resulting from the 
mating of black with white fowls. Therefore the preliminary experi- 
ment involved chiefly the mating of these breeds with the aim of 
securing from some of the crosses a certain number of individuals 
possessing the barred color-pattern. These crosses were between the 
White Leghorn cf and the following black 99: White-faced Black 
Spanish, Black Minorca, Black Langshan, Black Java, Black Ham- 
burg and Black Cochin. The Fi generation was bred in 1910. In 
1911, the Fi breeding was continued and in addition a number of the 
F2 generation from some of the crosses were reared. In 1912, a 
greater number of the F2 generation were reared, and also a number of 
other crosses were made between selected F2 stock and several other 
varieties of fowl. It may be said in passing that all the stock used 
in the experiments was carefully selected from reputable breeders 
and was probably as pure-bred as any that could be obtained in the 
coimtry. The breeds mentioned were chosen for the experiments 
first of all, because so far as could be ascertained from poultry 
literature none of them was known to be related to breeds possessing 
the barred color-pattern such as the Barred Pljrmouth Rocks or the 
Dominiques. The modem White Leghorn, though differing consider- 
ably from the older type, is usually stated to be a breed which has 
been mixed with others only to a slight extent; and it is therefore 
commonly regarded as "one of our purest breeds." As will be 
demonstrated later this conception is rather doubtful. So much 
regarding race-purity is not usually said of the Black Hamburgs, 
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Black Minorcas, Black Javas, Black Cochins, and Black Langshans^ 
although the Black Spanish breed has probably been kept fairly 
pure. In no case, however, is it positively known that barred stock 
has entered into the formation of these breeds. It was therefore at 
first assumed that the appearance of barring in the progeny from these 
birds would indicate that this pattern had been formed de novo as a 
heterozygous condition, or that it was inherited from the white stock 
in which it existed as a cryptomere as in the case of the White Ply- 
mouth Rock breed. Whether this was a justifiable assumption will 
appear in the course of the experiments now to be described.* 

Case 1. — White Leghorn cf X Black Hamburg 9. Nature of 
mating: CCBBffll X CCbbFfii, (For discussion, see p. 186). 

White Leghorn cf 19SA: Weight 5H Ihs., back of medium 
length; squirrel tail; body medium length, high on legs; high 
comb with six points, slightly thumb-marked and blade defi- 
cient in size; head long, eyes red; ear-lobes white but spotted 
with red; wattles of medium size with one fold in each; neck 
white with tendency to cream; back white; shankd, toes and 
beak pale yellow; spurs about one inch in length; no pattern 
observable on any of the feathers, which are also free from 
black ticking. (See PI. 1) . 

Black Hamburg 9 1 186A^: Weight ^^ lbs., neck of good 
length; back long; tail carried high; body long but not deep; 
comb of good size, rather flat on top, spike with marked up-tum 
at rear; eyes dark hazel; ear-lobes bluish white and about 
half red; wattles very small, fine texture, smooth. Feathers 
of neck greenish black with purple barring; primaries dull 
black, secondaries and main tail feathers greenish black with 
some purple barring; body dull black; shanks dark slate; spurs 
about i inch long. (See PI. III). 

The data on the first set of W. L. X B. H. matings are summarized 
in the following table: 

*It will be convenient to include in the present section only the actual experimental results. AU 
discussion of the significance of these results, together with their explanation, is taken up in Section 
IV. p. 182. 

tBlack Hamburg 186A resembled 185 A in nearly all points. 
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Table 1. — Showing the results in Fi of crossing White Leghorn cf X Black 
Hamburg 99 (1910 series.) 





Parents. 


Progeny. 


Mating Ntjmber. 


c^ 


9 


White. 


Black. 


With barred 
feathers. 


201 


193 A 
193 A 
193 A 


185 A 

186 A 

* 


22 

8 

19 







1 d* 1 9 


202 




211 


2 d'cf 







^Female not identified , but one or the other of the above. 

The data presented in Table 1 demonfitrate that the white of the 
W. L. in all instances dominated over the black of the B. H. The 
progeny were not all pure white, however, since more than one-half 
of the Fi generation (cf c? and 99 equally) showed black flecks 
in the white feathers. When the chicks were in down-feather the 
majority revealed one or more patches of black down on head, back 
or sides. Table 1 also shows that of the 49 birds recorded, 4 possessed 
one or more barred feathers, which were usually located on the back 
or among the wing coverts. In these cases the barring was usually 
clear and definite, although the pattern never reached to the base of 
the feather and frequently covered only the tip. No bird in ¥% waa 
found to possess more than two or three such barred feathers. Of 
the four birds so characterized, three were c? c? and one was a 9 . 
In addition it should be noted that one bird showed a buff half-moon- 
shaped splash at the tip of one of the saddle-feathers. 

Subsequent to making the series of crosses mentioned above, a 
second series was obtained in 1911. In this case one of the two B. H. 
99 was employed, but another W. L. c? was used, and B. H. 99 
from a different source were also introduced. The result of these 
matings is shown in Table 2. 
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Table 2. — Showing the results in Fi of the second series of White Leghorn X 
Black Hamburg matings (Series of 1911). 





Parents. 


White 




Progeny. 


Mating Number. 


& 


99 


Black 


With barred feathers.* 




& 


99 


? 


8 


lA 
lA 
lA 
lA 
1 A 


4A 
6A 
6A 

7A 
186 A 


14 
4 
9 
20 
14 









1 




1 


4 

1 



1 





9 





10 





11 


1 


27 









Totals 


61 





2 


6 


1 











■^These birds are also listed in the white column since their plumage was mainly white (see text). 

From Table 2 it appears that of 61 Fi birds, all were white; but 
that 9 possessed one or more barred feathers. Of these 9, 6 were 
99,2 were c? cf, and the sex of the other was not ascertained. In 
this series there was about the same proportion of birds flecked with 
black and these were evenly distributed between the sexes. 

Case la. — [White Leghorn & X Black Hamburg 9 ] cf X {WhUe 
Leghorn cf X Black Hamburg 9 ] 9 . Nature of mating: CCBhffli 
X CCBbFfli. (For discussion, see p. 192). 

Of the cross-bred fowls raised in 1910, cf 2IIM2 and six 99 were 
bred together in 1911. 

The cockerel was hatched as a pure white bird without trace 
of black down-feathering. Among the coverts of each wing 
was a single feather showing a buff-yellow bar; among the 
saddle feathers were a few showing some buff. 

Among the 99, 201 G was a nearly pure white bird but 
showed a few splashes of black in wing coverts and saddle 
feathers; 201 L was hatched with a large patch of black down 
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feathers on the back, but became a pure white bird; 202 G 
showed many black-splashed feathers on back and wings; 
211 B showed a very small amount of black ticking; 211 K 
was a pure white bird; 211 V showed a small amount of black 
ticking. 

Table 3. — Showing the results obtained in Ft from the mating of White 
Leghorn X Black Hamburg cross-breds (1911 series). 





99 


Total 
progeny. 


White. 


Black. 


Barred. 




Mating No. 


d^ 


9 


? 


cf 


9 


? 

1 
3 


1 




Grat. 


314 


201 G 
201 L 
202G 
211 B 
211 K 
211V 


30 
22 
6 
17 
23 
19 


21 
16 
5 
15 
18 
15 










6 

1 
1 
1 









2 

1 


2 
2 











2 





315 





316 





317 





340 


3 


341 


1 






Actual totals. 


117 


90 





9 


3 


4 


2 


5 


4 










87H 


7A 


2ltt 













The data presented in Table 3 show that the F2 generation of W. L. 
X B. H. cross-breds is composed of black, white, gray and barred 
birds. If the gray, black and barred be considered together as 
"dark" individuals, it is then apparent that this group represents 
about one-fourth of the total number of fowls, while the group of 
white birds represents about three-fourths. This result is what we 
should expect in case of a pair of allelomorphic characters. It is 
evident that the white birds, although all appearing alike, include 
two sorts, — ^pure dominants (white), and birds that are heterozygous 
for black (usually flecked). 

In 1912, another Fi d^, 8 L, was mated with 12 Fi 99. Both c? 
and 99 resembled closely those used in the 1911 series of matings. 
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Table 4. — Showing the results obtamed in Fs from the mating of White Leg- 
horn X Black Hamburg cross-breds (1912 series). 





99 


Progeny. 

(Total). 


White. 


Black. 


Babred. 


Mating No. 


& 


9 


? 


cf 


9 


? 


456 


8 B, G, H, I 

9C 

10 H, I 

11 B, E, G 

201G, L 


18 
13 
14 
25 
67 


13 
8 
10 
21 
54 









1 
1 
1 

3 







1 


2 
3 
2 
2 
5 


1 

1 
1 
3 


1 


457 


1 


458 





459 


1 


460 


1 






Actual totals 


137 


106 





6 


1 


14 


6 


4 






Expected totals 






102i| 





8A 




17i'6 


8A 











It is further apparent in Table 4 that among the "dark" birds, 
the blacks (including the grays) and barred birds appeared in the 
ratio 7 : 24. It should be said here, however, that several of the 
chicks which are recorded as black were described when they were 
in down-feather. It is certain that had they lived barring would 
have appeared in some of them, and the ratio of barred to black 
birds would have been changed somewhat in favor of the barred 
group. 

There was a marked variation in the amount of barring present 
in the barred individuals. The pattern invariably foxmd clearest 
expression in the hackle feathers, wing coverts and tail coverts; the 
primaries always showed a barring that was inferior to that of the 
secondaries. It was also observed that the ground-color of the 
feathers was not so light as in the case of feathers from a Barred 
Plymouth Rock, but contained more gray or blue-gray, so that the 
pattern was less distinct. But aside from these differences the type 
of barred pattern observed in F2 differed in no important respect 



Digitized by 



Google 



Constitution of the White Leghorn Breed. 169 

from that present in the Barred Plymouth Rocks. It corresponded 
well with the barring depicted in early illustrations (see Pearl, 19 11^ 
p. 306) of the Barred Plymouth Rock breed as it existed years ago, 
before it had been developed to the present state of perfection. 

As has been stated, it is impossible to ascertain when chicks are in 
the down whether they may later develop barring. For this reason 
the ratio of black to barred birds as expressed in Table 3 probably 
does not represent the actual ratio. In order to avoid this source of 
error, there was made in 1912 a second series of crosses between Fi 
W. L. X B. H. stock, reared in 1911 from new birds not employed in 
the 1910 matings. In compiling the records of these F2 individuals 
no bird that was less than 3 weeks of age was entered. This precau* 
tion made it possible to discriminate carefully between black and 
barred birds, and results in some difference in the totals. 

The results of this series of matings (Table 4) were essentially the 
same as in the 1911 series, save in the Uack : barred ratio. The 
barred birds showed the same sort of barring and all circumstances 
indicated that the appearance of this character in F2 was in accord- 
ance with some definite law. This point is discussed in detail on 
p. 193, and we may now turn our attention to the results of other 
crosses involving the W. L. stock. 

Case 2. — White Leghorn cf X Black Spanish 9 . Nature of mating: 
CCBBffll X CCbbFfii. (For discussion, see p. 186). 

In this series of matings the results of the 1910 and 1911 breeding 
are combined. In 1910, W. L. 193 A was employed; in 1911, W. L. 
1 A.* In the 1910 matings. Black Spanish 99 181 A and 182 A 
were employed.f In 1911 B. S. 99 13 A, B and C were used.f 
The Black Spanish 9 181 A, typical of the others, was described as 
follows: 

^Obtained from Charles J. Fogg. Waltham, Mass. 

^Obtained from the Groeebeck Poultry Farms, Hartford, Coon. 

{Obtained from M. H. Lindsey, NorthviUe, N. Y. 
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Black Spanish 9 , 181 A: Weight 4^ lbs., neck long, back 
of medium length; body of medium length, set well on legs; 
comb upright, four points, fine texture; head long and face 
deficient in white; eyes dark hazel; wattles are smooth and 
have a fine texture; wing coverts, back and tail coverts black 
with purple barring; primaries, secondaries and main tail 
feathers are dull black; body feathering has a dark brown cast; 
under-color dark slate. 



Table 5. — Showing the results in Fi of White Leghorn X Black Spanish mat- 
ings (1910 and 1911 series). 



Mating No. 


cfd* 


99 


Total 
progeny. 


White 


With barred 
feathers. 


197 


193 A 

193 A 

1 A 

1 A 

1 A 


181 A 

182 A 
13 A 
13 B 
13 C 


10 
24 

18 
1 
6 


10 
24 
18 

1 
6 





198 





14 


1 9 


15 


1 €?• 


16 


1 <^ 






Actual total 


69 


59 


3 











A glance at Table 5 makes it evident that the white of the W. L. 
dominated over the black of the B. S. as it did over the black of the 
B. H. The dominance was not perfect, however, since a small 
number of birds showed black ileckings; and three possessed feathers 
which were distinctly barred. These barred feathers appeared as 
follows: In one case two right secondaries and one tail feather had 
a single gray band across the tip. These barred secondaries remained 
in the adult plumage, but the barred tail feather was lost. In the 
second case the barred pattern was faintly present in one of the 
saddle feathers. In the third case a bird put up one barred wing 
covert which was moulted and never replaced. 

Case 28l.— [White Leghorn c? X Black Spanish 9 ] cf X [White 
Leghorn cf X Black Spanish 9] 9 . Nature of mating: CCBbffli 
X CCBbFfli. (For discussion, see p. 193). 
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In 1911 one of the cross-bred cf cf (198 B) was bred to five of the 
cross-bred 99 (197 K, 198 E, 197 A, 197 G and 198 A). The & 
198 B was white except for a very faint ticking of black on a few 
feathers. The 5 99 resembled the cT in all points of plumage. 
In 1912, the same c? was mated to 3 of the 1910 cross-breds and 
to 3 of the Fi cross-bred 99, produced in the 1911 matings between 
W. L. and B. S. stock. The results of these matings are presented 
in Tables 6 and 7. 



Table 6. — Showing the results obtained in Fj from the mating of White Leg- 
horn X Black Spanish cross-breds (1911 series). 





& 


99 


Total 
progeny. 


White. 


Black. 


Barred. 




Mating No. 


cT 


9 


? 


& 


9 


? 


Gray. 


19 


198 B 
198 B 
198 B 
198 B 
198 B 


197 K 

198 E 
197 A 

197 G 

198 A 


11 
28 
23 
16 
12 


10 
22 
19 
13 
11 









1 
2 
2 
2 











3 









1 









1 





311 


1 


310 


2 


20 





21 









Actual totals 




90 


75 





7 





3 


1 


1 


3 






Expected tota 


Js 




67A 





5H 


... 


ilA 


5« 















In 1912, similar matings between W. L. X B. S. cross-breds were 
made with the results shown in Table 7. Combined results for the 
two years are given in Table 8. 
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Table 7. — Showing the results obtained in Ft from the mating of White Leg- 
horn X Black Spanish cross-breds (1912 series). 





<^ 


99 


Total 
progeny. 


White. 


Black. 


Barred. 




Mating No. 


d" 


9 


? 


& 


9 


? 


Gray. 


467 


198 B 
198 B 
198 B 


14 D, S, T 

197 A, G 

198 E 


85 
65 
41 


69 
61 
31 







6 
4 
3 


2 




7 

4 


1 












468 





469 


3 






Actual totals 




191 


161 





13 


2 


11 


1 





3 






Expected tota 


Lis 




143A 





llH 


•• 


23H 


im 















Table 8. — Combined results from Tables 6 and 7. 





Total 
progeny. 


White. 


Black 


- 


Barred. 




Series. 


d" 


9 


? 


cf 


9 


? 


Gray. 


1911 


90 
191 


75 
161 






7 
13 



2 


3 
11 


1 
1 


1 




3 


1912 


3 






Actua] totals 


281 


236 





20 


2 


14 


2 


1 


a 


Expected totals 




210H 





17A 




35A 17A 












-xo 







We thus observe from the results presented in Tables 6, 7 and 8 
that barred bu*ds made their appearance in the F2 generation of the 
W. L. X B. S. cross. The fairly wide departure from the expected 
ratios will be discussed on a lat^r page. 

Case 3. — White Leghorn cf X Black Minorca 9. Natiu^ of 
matmg: CCBBffll X CCbbFfii. (For discussion, see p. 186). 
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The cf used in this experiment was 193 A, previously described. 

Black Minorca 9 , i8S A: Weight 6^ lbs., neck flat, back 
of good length*; body of medium length; comb, large with 
serrated blade, five points, — ^falls half on each side; eyes light 
hazel; ear-lobes bluish white, mottled with red; wattles of 
fine texture, small; wing-coverts and tail-coverts greenish 
with purple barring; primaries, secondaries and main tail 
feathers are dull bhick; body feathers are very dark brown; 
under-color slate; shanks are dark slate. Black Minorca 9 
184 A was similar in all important respects to 183 A. 

As a result of this cross all the Fi birds were white. Many showed 
black tickings and one cf put up a barred feather. This bird was 
hatched as a white chick with a small patch of black down on the 
back. Later a buffy tinge developed over some of the wing coverts. 

Case 3a,.— [White Leghorn <? X Black Minorca 9 ] cf X [White 
Leghorn cf X Black Minorca 9 ] 9 . Nature of mating: CcBbffli 
X CcBbFfli. (For discussion, see p. 193). 

Of the W. L. X B. M. cross-breds raised in 1910, cf 200 C, which 
put up one barred feather the first year, was mated in 1911 with two 
of his sisters, 199 E and 200 D. These two 99 were white but 
showed many feathers that were ticked with black. The results of 
this cross are presented in Table 9. 

Table 9. — Showing the results obtained in Fi from the mating of White Leg- 
liom X Black Minorca cross-breds. 



Mating No. 


d" 


99 


Total 
progeny. 


White. 


Black. 


Barred. 


1 

d^l 9 


? 


d* 


9 


? 


512 

313 


20CC 
200C 


199 E 
200D 


10 
7 


9 
5 


1 
0| 1 


1 




C 

1 















17 


14 


oil 


1 


1 










1 




Expected totals 


12}J 


i^ 


... 


2A 


IfB 
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From the data presented in Table 9 it is apparent that, as was the 
case with the W. L. X B. H. and the W. L. X B. S. cross-breds, 
here also we have both black and barred birds thrown out in F2. 
But, whereas in the earlier matings the dark : light ratio came very 
close to Mendelian expectations, in the present case the departure 
is more noticeable. It is probable, however, that observation of a 
larger number of birds would have yielded results closer to the 
expected. 

The one barred bird resulting from this cross, 313 C, was a cf . Its 
general coloration was gray but barring was well manifested in 
feathers of the hackle and back and in the wing coverts. No barring^ 
was present in the primaries but it could be distinguished faintly in 
the secondaries. 

Case 3b. — [White Leghorn c? X Black Minorca 9 ] cf X Black 
Minorca 9 . Nature of mating: CcBbffli X CCbbFfii. (For dis- 
cussion, see p. 194). 

In addition to the foregoing, the results of a cross between an 
Fi cf and pure-bred. Black Minorca 99 may be reported. The 
cT 200 C as previously stated showed on the right flank a feather 
barred over one-half. The B. M. 99 were those used in the Fi 
matings. In Table 10 are presented the data relative to this back- 
cross. 

Table 10. — Showing the results of the cross: [White Leghorn cf X Black 
Minorca 9 ] cf X Black Minorca 9 . 



Mating No. 


d^ 


99 


Total 
progeny. 


White. 


Black. 


Barred. 


d* 


9 


cf 


9 


325 

326 


200c 
200c 


183 A 

184 A 


5 
1 


3 







1 
1 


1 







Actual totals . 


6 


3 





2 


1 









Expected totals 




3 


H 


H 


H 


H 
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In Table 10 it is shown that of 6 birds resulting from this cross 2 
were black 99 and one was a barred cf . The latter developed into 
a well barred adult bird (325 B). The pattern was clearest in wing 
coverts, tail coverts and hackle feathers. On the primaries barring 
was faint but clearer on the secondaries. The general coloration wa& 
slightly brownish. 



Case 3c. — cf 



J [White Leghorn cf X Black Minorca 9 ] cf 



Black Minorca 9 

Black Minorca 9. Nature of mating: CCBbffii X CCbbFfii. 
(For discussion, see p. 195). 

In case the barred, cross-bred cockerel, 325 B, possessed the 
barred character in heterozygous condition (as represented in the 
zygotic formula CCffBbii) it is to be expected that, when mated with 
pure Black Minorcas, one-half of his progeny would be barred. In 
the season of 1912 this mating was made with the results presented 
in Table 11. 

Table 11. — Showing the results obtained from the cross indicated above. 



Mating No. 


d^ 


99 


Total 
progeny. 


Black. 


Barred. 


d- 


9 


? 


cf 


9 


? 


472 


325 B 
325 B 


184 A 
34 A, B 


13 
53 


4 
12 


2 

13 



3 


4 

9 


3 
12 





473 


4 






Actiial totftlfl 


66 


16 


15 


3 


13 


15 


4 






Expected totals 




IdH 


16H 


.... 


16H 


16H 









The results of this cross demonstrate that the mating of the barred 
cf, 325 B, with the pure-bred Black Minorca 99 gave one-hialf 
barred and one-half black progeny; and that the barred and black 
birds were about equally divided between the sexes. 
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[White Leghorn cf X Black Minorca 9 ] cf 1 

Case 3d.— cf X 

Black Minorca 9 J 

9 [White Leghorn cf X Black Minorca 9]. Nature of mating: 

CCBbffii X CCBbFfli. (For discussion, see p. 196). 

In this instance, the barred cross-bred cockerel, 325 B, was bred 
to one of the 99 which resulted from the first W. L. X B. M. cross. 
The results are presented in Table 12. 

Table 12. — Showing the results of the mating indicated above. 



Mating No. 


d^ 


9 


Total 
progeny. 


White. 


Black. 


Barred. 


(f* 


9 


? 


cf* 


9 


? 


474 


325 B 


200D 


34 


17 


' 


1 


2 


7 


2 


4 






Expected totals 




17 


C 


4Ji 


... 


81 


41 









In Table 12 it is shown that one-half of the progeny of 325 B were 
dark and one-half light. Of the darks one-fourth were black and 
three-fourths barred. 



Case 3e. — c? 



[White Leghorn cf X Black Minorca 9 ] c? 



BUick Minorca 9 
J {White Leghorn c? X Black Minorca 9 ) cf ] 



X 



Nature of mating: 
Black Minorca 9 J 

CCBbffii X CCbbFfii, black, and CCbbFfli, white, or CCBbFfli, 

white. (For discussion, see p. 198). 

In this case the barred cross-bred cf, 325 B, was mated with two 
of his sisters, 325 A and 325 E. Female 325 A was clear black with 
blue-black beak and shanks and a slight green tinge to the plumage. 
Female 325 E was a white bird with light shanks and beak. The 
results of these matings are given in Table 13. 
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Table 13. — Showing the results of the crosses indicated above. 





c? 


99 


Total 
progeny. 


White. 


Black. 


Babrsd. 


Mating No. 


cf 


9 


? 


d* 


9 


? 


470 


326 B 


325 A 

(black) 


43 





6 


8 


4 


10 


12 


3 








Expected.. 





lOJi 


lOH 




IQJilOJi 






Totals. 


21H 


2VA 


471 


325 B 


325 £ 

(white) 


50 


25 


2 


6 


5 


5 


4 


3 








Expected*. 


25 


6M 


6Ji 


... 


6Ji 


6Ji 


» . • 




Totals. 


12H 


12 J4 



•Provided the lygotio cooBtitution of the 9 325 E is CCbbFfli. 

From the data presented in Table 13 it is apparent that in the 
matmg of 325 B with his black sister, 325 A, there was a tendency 
to produce equal numbers of black and barred progeny; and that the 
sex-ratio between these groups approximated 1 : 1. 

In the mating of 325 B with his white sister, 325 E, half the 
progeny were white, while the other half included both black and 
barred birds in equal numbers and equally divided between the 
sexes. 



Case 3f.— c? 



(White LegJwm c? X Black Minorca 9 ) cf 



Black Minorca 9 

Black Jam 9. Nature of mating: CCBbffii X CCbbFfii. (For 
discussion, see Case 5, p. 203). 

Among the self-colored birds with which the barred cross-bred cf 
325 B, was mated during the season of 1912 were the Black Java 99 
335 C and F. The results of this mating are given in Table 14. 
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Table 14. — Showing the results of the mating indicated above. 



Mating No. 


d^ 


99 


Total 
progeny. 


Black. 


Babred. 


d" 


9 


cf 


9 


? 


477 


325 B 


335 C, F 


52 


11 


16 


10 


14 


1 






£xp>ected totals 




13 


13 


13 


13 








Expected grand totals 




26 


26 















From the data presented in Table 14 it is clear that one-half of the 
progeny from this cross were black and one-half were barred; and 
that the black and the barred birds were about equally divided 
between the sexes. Similar results were obtained from mating the 
cross-bred cT, 325 B, with Black Hamburg 99. One of the cfcf, 
477 V, resulting from the Black Java cross, was mated in 1913 with a 
pen of barred 99. This mating is considered in Case 5, p. 203. 

Case 4. — White Leghorn cf X Black Java 9 . Nature of mating: 
CCBBffll X CCbbFfii, (For discussion, see p. 186). 

In other series of crosses bred in 1911, 1912 and 1913, the W. L. cf*, 

193 A, used in the previous experiments, was mated with several 

B.J. 99. 

Black Java 9, 187 A: Weight 7 J lbs., good form but 
slightly lacking in breast; beak black shading into yellow at 
base; eyes hazel; ear-lobes are three-fourths white; wattles 
red; small amount of purple barring on feathers of neck, wing 
coverts and tail coverts; primaries, secondaries and main tail 
feathers are dull black; imder-color dark slate; shanks and 
feet yellow. The other Black Java 9 9, 188 A, 230 A and 
231 A, resembled the bird described above in all important 
points. 

The result of this series of matings shows that as in earlier cases the 
white of the W. L. was dominant over the black of the Java; fur- 
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tber, that as in other crosses, birds possessing a few barred feathers 
appeared in Fi. Of these birds two were c? c? in which the barred 
pattern appeared in the coverts or saddle feathers. 

Case 4sL.—[WhiU Leghorn cf X Black Java 9 ] c? X [WhiU Leg- 
ham cf X Black Java 9] 9. Nature of mating: CcBbffli X 
CcBbFfli. (For discussion, see p. 193). 

In the season of 1912 the cross-bred c? 25 C was mated with cross- 
bred 99 of similar constitution. The cockerel was a solid white 
bird except for one feather in the middle of the back which showed 
barring on one-half. Of the 99 used, 25 B showed at the age of 
one month slight barring in the right secondary coverts and in two 
secondaries. At the age of five months the barring had disappeared. 
Female 25 I showed a few dark saddle feathers but no barring. 
Female 203 B was a pure white bird. 

Table 15. — Showing the results in Fj of the White Leghorn X Black Java 
crosB-breds (1912 series). 



Mating No. 


d* 


99 


Total 
progeny. 


White. 


Black. 


Barred. 


d^ 


9 


? 


cf" 


9 


? 


481 


25 C 
25 C 
25 C 


25 B 
25 1 
203 B 


33 
38 
44 


26 
27 
38 







1 
3 
2 





1 


2 
5 

1 


1 
2 
2 


3 


482 


1 


483 









Actual totals 


115 


91 





6|l 


8 5 


4 






Expected totals 




86 r\ 





7A..- 


HA 7 A 








Expected grand total 


a 




86A 


7A 


21 A 





















In 1912 other crosses between W. L. a id B. J. stock were made. 
These involved the use of W. L. c?, 1 A. As expected, the first 
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generation, raised in 1912, was composed entirely of white birds. 
The results in F2 (1913) are shown in Table 16. 

Table 16. — Showing the results in Ft from the mating of White Leghorn X 
Black Ja^a cross-breds (1913 series). 



Mating No. 


d- 


99 


Total 
progeny.t 


White. 


Black.t 


Barred.* 


563 


463 A 


463 E. F, J 


30 


18 


3 


9 






654 


463 A 


464 K. N. 


47 


37 


2 


8 




1 




Actual totals 






77 


66 


5 


17 










Expected totals . . . 








57H 


4H 


14A 











*The sex of the black and the barred birds could not be ascertained in time to report in thi» 
publication. 
tOver 3 weeks old when described. 

The data presented in Table 16 indicate that in F2 of the cross 
under discussion, white, barred and black birds appeared in the 
ratio 55 : 17 : 6. 



Case 5. — c? - 



{White Leghorn c? X Black Minorca 9 ) c? 
Black Minorca 9 



X 



9 Black Java 

Cross-bred 9 9 , heterozygous for barring. Nature of mating : CCBbffii 
X CCBbFfii. (For discussion, see p. 203). 

Male 477 V was a fairly well-barred bird but with dark under-color. 
The general tone had a brownish tinge. The 99 mated with him 
had the ancestry given below: 

cf [Wh, Leghorn c? X Blk. Hamburg 9 ] 



461 E. 

{Wh. Leghorn cf X Blk. Hamburg 9) <f 

(Wh. Leghorn & X Blk. Hamb. 9 ) 9 
343 B, E. — Out of mating given in Case 3e; from black 9 ■ 
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344 B. — Out of mating given in Case 3e; from white 9 . 
{White Leghorn cf X Black Minorca 9 ) cf 1 
Black Minorca 9 



472 E. 

473 F. 



474 G.- 



9 Black Minorca. 
(White Leghorn cf X Black Minorca 9 ) c? 
Black Mirujrca 9 



476 A.— 



9 (White Leghorn cf X Black Minorca 9 ) 

I (White Leghorn c? X Black Minorca 9 ) cf 

cf 1 



Black Minorca 9 



9 Black Hamburg 
477 E, P, S.— Same ancestry as 477 V. 

The results of these matings, which were made in the season of 
1913, are presented in Table 17. 

Table 17. — Showing the results obtained from the matings described above. 



Mating No. 


Parents. 


Total 
progeny.* 


i 


i 




cf 


99 


< 


541 : 


477 V 
477 V 
477 V 
477 V 
477 V 
477 V 
477 V 
477 V 
477 V 
477 V 
477 V 
477 V 


461 E 
343 B 

343 E 

344 B 

472 E 

473 F 

474 G 

476 A 

477 E 
477 P 
477 S 
347 E 


40 
17 
14 

2 
10 
29 

1 
27 
33 
30 
27 
17 


15 
6 
3 

4 

10 

7 

13 
7 
5 
5 


25 


542 ". . 


11 


543 


11 


644 


2 


545 


6 


546 


19 


547 


1 


648 


20 


549 


20 


560 


23 


561 


22 


552 


12 






Actual totals t 


«, 


75 


172 






Expected totals 




62 


186 













*Over 3 weeks old when described. 

tThe sex of the black and the barred birds could not be ascertained in time to report in this 
INiblication. 

8 
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IV* General Discussion of Results* 

The experimental data presented in the foregoing pages make it 
clear that a tyx)e of barred plumage-pattern has arisen in F2 from the 
mating of white with black birds. First of all we may ask: Where 
did this barring, manifested in a few feathers of a small number of Fi 
individuals but appearing as a fully developed barred pattern in a 
certain proportion of F2 progeny, have its origin? As stated at the 
beginning of this paper it was tentatively assmned, when the present 
investigations were planned in 1909, that barring represented a 
heterozygous condition resulting from the crossing of light colored 
with dark colored birds. This tentative assumption was based on 
the fact that breeders* have commonly made the observation that 
the crossing of Blacks X Whites occasionally gave some birds 
with good barring. Thus the barred pliunage-pattem was considered 
by some as a mosaic made up of black and white. It is now clear, 
however, that this view is not supported by any evidence supplied by 
the present investigations. In Fi, contrary to expectation, the degree 
of dominance of white in all the White Leghorn X Black crosses was 
so great that the presence of black pigment was usually manifested 
only as flecks on an otherwise pure white pliunage, or, in a smaller 
nxmiber of cases, as a partly barred feather among the white. If the 
barred pattern were of the nature of a mosaic, it should appear most 
definitely in Fi; one would not be led especially to anticipate its 
appearance in F2, — at least in a well developed condition. But as 
shown in all the tables givhig data on the F2 birds this is exactly 
where the most extended and most clear-cut barring did appear. 

In contrast to the view outUned above, several other investigationsf 
dealing with the type of barring found in Barred Plymouth Rocks 
have shown that this character as there found may behave in in- 
heritance like a unit-character; it is separately heritable. In other 
words, birds that show this barred pattern may be assumed to possess 
the factor for barring; and without the presence of this factor in the 

*See Davenport (1006); Wright (1905); Hurst (1005). 
ICoodale (1909); Pearl and Surface (1910). 
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zygote, barring cannot appear. Thus the outcome of the first season's 
breeding of black with white birds, when coupled with the evidence 
of the existence of a barring factor, JB, supplied by other breeders, 
demanded a change in view regarding the origin of the barring in 
question; at least it required a consideration of the possibility that a 
JadcT for barring might be present in one of the parent breeds used 
in the experiments. 

If a factor for barring were present in any of the parent breeds it 
seemed probable that it did not exist in the black 99, since experi- 
ence has shown that the black pigment possessed by these birds would 
cause the barring factor to be revealed even if it existed in a hetero- 
zygous condition.* Hence it was assumed that it might be present 
in the W. L. cf ; and it became the aim of the investigation to test this 
point experimentally; furthermore to ascertain the behavior of this 
tyx)e of barring in F2 and subsequent generations; also to produce, 
by the breeding of selected birds possessing the reqidsite gametic 
constitution, a barred breed, wholly distinct (at least with respect 
to the origin of the barred pattern) from the Barred Plymouth Rocks. 
To what extent these results have been accomplished will appear in 
the following pages. 

First, however, it is desirable to consider in some detail the prob- 
able zygotic constitution of the black and white fowls concerned in 
the experiments, since the expression of the factor for barring is 
dependent as will be shown, upon the presence or absence of several 
other factors, — especially the factors for sex and for the inhibition of 
black pigmentation. We may therefore inquire, first, as to what 
factors, among those with which we are especially concerned, are 
present in the birds used in the matings already described. 

«f or inrtanoe, it is well known that if picment be added to the White Plymouth Rock, as a reault 
of mating with black breeds, the barring will be revealed in Fi. 
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It seems probable that we have to deal with at least four diflFerent 
factors: (1) a factor for black pigmentation, C*, (2) a factor for the 
inhibition of pigmentation, I; (3) a factor for sex (F, female; f, 
male) ; and (4) a factor for barring, B. 

With reference to these factors, what then is the zygotic con- 
stitution of the black 99? First, we can assume that they are 
homozygous for black pigmentation (CC)*; second, that they are 
homozygous for the absence of barring (66); further, that they are 
homozygous for the absence of the inhibiting factor (m) which factor^ 
in the case of the W. L., as will appear, prevents the black pigment 
from showing. Finally, we will assume that they are heterozygous 
for the female sex (Ff). The zygotic formula of these birds could 
therefore be written CjbiFfii. 

Making use of these symbols we may now consider the zygotic 
formula for the W. L. cf. The W. L. breed of fowls is usually re- 
garded as a "pure'' white variety, sometimes called the dominant 
white or D-white, since in matings with dark birds the white appears 
to dominate over black. But, if we regard the white pliunage as an 
absence of pigmentation it is manifestly illogical to say that the absence 
of a character can be dominant over its presence. Therefore another 
explanation must be sought for the apparent dominance of white, 
and we may assume with Bateson and Pimnett (op. ciL) that the 
dominance of white is due to the inhibiting factor /, which has the 

*It appears from the work of Bateson and Punnett (1908) on the D-whites and the R-whites, 
that black pigmentation in poultry may not always be due to a single factor. There may be present 
a general factor for color, C, and in addition factors for special pigmentations, such as buff, red or 
black. The latter, as suggested by Davenport and others may be conceived of as partaking of the 
nature of an ensyme, which, as a result of its action upon C, produces the color in question. Ao* 
cording to this view the presence of both factors would be required if the bird is to show pigmenta- 
tion. For instance, with reference to the inheritance of color in birds possessing two kinds of pig- 
ments, we might need to consider three sorts of factors: the general color factor, C, and two 
special color factors, which working upon C, might produce, the one red, the other black pigment. 
The ejEplanation of color-inheritance in poultry may eventually be found not even so simple as 
this; but it is apparent from results already attained that, as in the case of the inheritance of certain 
colors in the sweet pea, several factors may be involved. In the present case, however, we are 
concerned on the one hand, only with the presence of black pigmentation (or its potential possibility 
of appearance, other factors permitting) and, on the other hand, with the apparent absence of black. 
For this reason, and to avoid oomplenty, it will be sufficient for present considerations to assign 
to the black pigmentation a single factor, and this we will term C, with the understanding that in 
reality this character may be dependent upon the action of two factors instead of one. These 
might be compared with the factors which Davenport (1909) calls C and N; or to factors which 
Bateson and Punnett (1908) refer to as X and Y. 
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power to repress the manifestation of black pigment in the plumage; 
and this power is still present, although lessened, when I2 is diluted 
to a heterozygous condition, Ji, as is the case in Fi of the W. L. X 
Black cross-breds. 

With o\ir recognition of the fact that the W. L. c? carries inhibiting 
factors which repress the manifestation of black in the plumage of the 
progeny from matings with black breeds, the results of certain matings 
lead to the question whether the W. L. in its own somatic cells, 
possesses the elements of black pigmentation. Without now enter- 
ing into a discussion of this point, which is considered in detail on 
a later page, it may be said that evidence derived from breeding 
experiments yet to be presented indicates that the W. L. cf carries 
in its germ cells the factor or factors for black pigmentation. This 
view will be found in harmony with the experimental results already 
given and with others to be mentioned subsequently. 

Looking at the problem in this light the W. L. may be regarded not 
as an actually white bird, but as a black one in which an inhibiting 
factor prevents the black from appearing. We may then tentatively 
assume that the W. L. cf is homozygous for black pigmentation, and 
at the same time homozygous for the inhibiting factor. Of course, 
wete the W. L. c? heterozygous for C, the visible results in Fi would 
be approximately the same. 

With respect to the factor for sex, assuming a Mendelian interpre- 
tation of this phenomenon, we may tentatively regard the W. L. c? as 
homozygous (ff) for the absence of the female sex factor, the 99 as 
heterozygous {Fi) for F. 

We come now to the relation of the W. L. cf to the factor for 
barring. If the W. L. carries barring at all, it might be assumed that 
it b either homozygous {BB) or heterozygous {Bb) for this character; 
and the theoretical results from crossing will vary with the possibility 
which we assume to hold true. In deciding this point we may take 
into consideration the probable manner of inheritance of barring in 
the W. L. breed provided this breed does actually carry, more or less 
regularly, the factor for the barred plumage pattern. Analogy with 
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the Barred Plymouth Rocks permits the assumption that the W. L. 
cfc? are homozygous (BB) while the 99 are heterozygous {Bb) 
for this character. This circumstance would maintain the barred 
pattern under conditions of equilibrium in both sexes in successive 
generations; and logically we cannot assume otherwise if our experi- 
mental birds belong to pure-bred stock. On this assumption, the 
complete zygotic formula for the W. L. cf would be CtBtfJi^f while 
that of the 9 would be CzBhFfh, since the 9 is assumed to be 
heterozygous for both female sex and barring, and homozygous for the 
inhibiting factor. On the basis of these assumptions (which, it must 
be fully imderstood, are for the moment merely assumptions, used to 
frame a working hypothesis) we niay now turn to a more detailed 
consideration of the special cases. 

A. Discussion of the Special Cases. 

Cases 1,2,3 and 4, — On the basis of the assumed zygotic formulse 
previously stated, what is the expected result of crossing the W. L. cf 
with the black 99 ? The W. L. cf forms only one type of gamete, — 
CBfl, while the black 99 form two types, CbFi and Cbfi. The 
mating may then be represented 

cf CBfl ' CBfl X 

9 Cbfi ' CbFi = 
(? & CiBbfJiy white 
9 9 CiBbFfli, white 

In other words, the first cross between the W. L. cf and the black 
99 gives birds that are all white and heterozygous for the barring 
factor and for J. It has been stated in the description of the experi- 
ments that a few Fi birds put up one or two barred or partly barred 
feathers. This may be explained on the grounds that the dominance 
of the inhibiting factor, /, was not complete when, as in Fi, it existed 
in a heterozygous or simplex condition. Where a little black was 
permitted to show, there it filled out the pattern of a barred feather. 
When the black was inhibited to a still greater degree, the pigment 
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appeared only as minute ticks on an otherwise white plumage. In 
this respect no difference was observed between cfcf and 99. 
Davenport (1909) has reported that in certain crosses involving a 
W. L. Bantam cf and certain black 99 the ticking was chiefly 
in the 99. . 

We may now compare the results of the present matings with some 
similar cases reported by other investigators. First, among those 
who have used the W. L. may be mentioned Davenport (1906) who 
reports the following instances: 

1. W. L, {Bantam) </• X Dark Brahma 9. Result: 16 white, or white 
splashed; 5 black; 7 barred and 3 of the Brahma type. All of the blacks were 
99, while of the barred birds, 3 were cf cf, 2 99 and 2 of unknown sex. 

2. W. L, {Bantam) d" X Black Cochin (Bantam) 9. Result: 10 white, 7 
black and 7 barred. 

3. Single Comb W. L. (f X Houdan 9 . Result: Of 41 individuals, all were 
white with traces of black. 

In the following cases, Davenport mated various cf cf with White 
Leghorn 99: 

4. Black-breasted Red Game Bantam cf X W. L. (Bantam) 9. Result: 
Among 24 individuals were 12 dark and several barred birds. 

5. Buff Cochin Bantam & X W. L. (Bantam) 9. Result: Among 31 oflf- 
spring were 9 white, 9 white and buff, 4 white and black,'2 white, black and buff, 
4 black and buff, and 3 black. No barred birds were reported for this cross. 

6. R. C. Black Minorca d" XS.C.W.L. 9 . Results: Of 83 birds, 74 were 
white and 9 were pigmented. Davenport states, however, that one of the Leg- 
horns used (B) in this cross gave all the dark progeny, ^hile the other two Leg- 
horn 9 9 (A and C) gave only white. 

To the above cases in which the W. L. 9 was used, Hurst (1905) 
adds the following cases: 

7. Houdan cf X W. L, 9. Results: 94 whites and 11 blacks. Of the 
blacks there were 6 pure blacks (99) and 5 barred ( cf cf*). 

8. Black Hamburg cf X TT. L. 9. Results: Of 57 individuals (in down- 
feathers) 49 were white and 8 were black. 

Regarding the eight instances reported by Davenport and by Hiu^t, 
the following may be said: 

Instance 1. — Davenport's W. L. Bantam cf was undoubtedly 
heterozygous for both B and J. The pure-bred W. L. c? must be 
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regarded as homozygous for /. If the W. L. Bantam in question 
possessed the constitution C^BbfJi, one would expect in Fi equal 
numbers of dark and light birds; and each sort would be equally 
divided between the sexes. Of the dark birds, half should be barred 
and half non-barred. The actual and the expected results can be 
represented as follows: 



Results. 


White. 


Black. 


Barred. 


Brahma. 


Actiiftl 


16 
15H 


5 
7% 


7 
7Ji 


3 


Expected 


(?) 







It is clear that, on this interpretation, there is close correspondence 
between the actual and expected in Davenport's first instance, second 
series (Z. c, p. 37), in which the cf parent was the W. L. Bantam 

Instance Z, — In this case, Davenport's results are explainable on 
the hyix)thesis made for Instance 1. If the constitution of the 
W. L. Bantam were CiEhfJiij we should have the following ratios: 



Results. 


Total. 


White. 


Barred. 


Black. 


Actual 


24 



10 
12 


7 
6 


7 


ExDected 


6 









This explanation is also in accord with Davenport's results in 
mating the same W. L. Bantam c? with W. L. 99 (Davenport's 
Nos. 127 and 128). 

Instance 3. — ^The results in Fi are in full accord with the present 
hjrpothesis. Apparently the W. L. cf was homozygous for /. 
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Instance 4- — M we assume that the W. L. Bantam was heter- 
ozygous for / and B, and that B is, in this case, a sex-limited char- 
acter, we should expect to find, among 24 individuals, 12 white and 
12 dark; of the latter, 6 would be black 99 and 6 barred cfcf . 
Actually Davenport obtained 12 whites, and 12 darks. Of the darks, 
some (actual numbers not given) were barred and these were all c? cf . 
This explanation places Davenport's results in full accord with the 
present h3rpothesis. 

Instance 5. — ^The results of this mating are consistent with the 
explanation furnished in this paper, and suggested in Davenport's 
report {op. cit,, p. 82). The only possible difference is one of inter- 
pretation, in that we may regard the W. L. Bantam as heterozygous 
for J, instead of "heterozygous in white" as indicated by Davenport, 

Instance 6. — ^In the case of the 99 A and C the results are as 
expected. Both birds were apparently homozygous for /. As 
Davenport states, "B's germ cells were probably mixed;" it was 
doubtless heterozygous for /. 

Instance 7. — ^From the first cross mentioned by Hurst (op. dt., p. 
133) we should expect nothing but white birds. The fact that 6 
blacks and 6 "cuckoos" were observed in Fi demonstrates, as sus- 
pected by Hurst, the "mixed" nature of some of the stock. If, as 
was the case in Davenport's Instance 4, these impure W. L. 99 
were heterozygous for both / and B, then we would expect exactly 
the "curious" results obtained by Hurst. The heterozygous barring 
of the "mixed" 9 or 99 would be transmitted only to the cfcf 
while it is most improbable that the 99 could derive barring from 
the Houdan c? [CMiii]- 

Instance 8. — In Hurst's Experiment 2 (op, cU,, p. 134) one would 
expect all the progeny to be white, or white flecked with black. The 
fact that black birds resulted from this cross indicates that some of 
the W. L. 99 were not pure for /. The expected results are as in 
Instance 7, and the fact that Hurst reports no barred c? c? is doubt- 
less due to the circumstance that the 8 blacks did not live long 
enough to develop barring. The sex-ratios are not reported. 
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In conclusion; it may be said regarding the above cases that the 
Fi results of both Davenport's and Hurst's matings of W. L. stock 
with various black breeds are fully explainable on the hypothesis 
advanced above: that the W. L. cfcf are normally homozygous 
for JB and J, while the 99 are homozygous for I but heterozygous 
for JB. Many of the birds used by both Davenport and Hurst were 
manifestly impure with respect to several factors. 

Cases la, 2a, 3a and 4a. — What now happens when the Fi cross- 
breds from any of the matings presented in Cases 1, 2 and 3 are 
mated among themselves? The white cross-bred c? c? as we have 
seen possess the zygotic constitution 

CiBbfJ[i 
while the 9 cross-breds are 

CiBbFfli 
The cf forms gametes, 

CBfl • CBfi • Cbfl ' Cbfi 
Since the 9 is heterozygous for three pairs of characters, eight 
sorts of gametes might be expected: 

CBfl • CBFI ' CbFI ' CBFi 

CBfi • Cbfl • CbFi • Cbfi 
But it has been pointed out on a previous page that in the case of 
the Barred Pljonouth Rocks there is good reason for assuming that 
the factors B and F never pass together into the same gamete; that 
there is some sort of a repulsion between these factors. In the case 
of the Barred Plymouth Rocks this results in black, or at least non- 
barred 99 when B. P. R. 99 are crossed by the cf of a non- 
barred breed. Since we have observed in the data already presented 
a certain proportion of black 99 are produced in Fj, we may 
tentatively assume that in the White X Black crosses being described 
there exists a similar incompatibility between the factors, B and F. 
It may therefore be supposed that of the 8 sorts of gametes that might 
be formed by the 9 cross-bred (with the zygotic formula, CtBbFfli), 
there are actually formed only four; in other words, we may eliminate 
from consideration all possible gametic combinations containing both 
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B and F, together with their complementary gametic combinations. 
Looking at the matter in this light we have formed by the cross-bred 
99 only the following gametes: 

CBfl • CbFi ' CBfi ■ CbFI 

The mating between the Fi c? and the Fi 99 may therefore be- 
represented as follows: 

d" CBfl ■ Cbfi • CBfi • Cbfl X 
9 CBfl • CbFi ' CBfi ■ CbFI = 

CtBtTtlt (1), white 
CtBbfJt (1), " 
CiBbfJi (2), " 
CiB4Ji (2), " 
CtBbfii, (1), barred 
C2B«/.t, (1), " 



cfcf 



99 



CiBbFfIt (1), white 
CJbJffh (1), " 
CtBbFfIi{2), " 
CjbiFfli (2), " 
CJ>tFfii (1), black 
[ CtBbFfit (1), barred 

The data presented above may be summarized as follows: 



Character. 


d- 


9 


Total. 


White 


6 

2 


6 
1 

1 


12 


Black 


1 


Barred 


3 








Totals 


8 


8 


16 









In other words, among every 16 birds in F2 we may expect 12 
whites, 3 barred and one black. The whites should be equally- 
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divided between the sexes; 2 of the three barred birds should be c? c? 
and all black birds should be 99; moreover, one of the barred 
males should be homozygous for the barring factor while the other 
cf and the 9 should be heterozygous. Other birds both cf and 9 
<;arry the barring factor but do not visibly manifest the barred pattern 
because they are either homozygous or heterozygous for I, — ^a cir- 
<;umstance which prevents the appearance of the pigment and there- 
fore of the barring also. 

Having thus outlined the expected results in the F2 generation 
from White X Black crosses, provided the White Leghorn cf was 
actually homozygous for barring and actually possessed the in- 
hibiting factor /, we may now attempt to ascertain to what extent 
these theoretical results agree with the experimental data and 
furnish an interpretation for them. 

Case la. — White Leghorn X Black Hamburg, F2, — (Tables 3 and 4, 
pp. 167 and 168). First of all it is apparent that the ratio 3 white: 
one dark is closely realized among the 117 birds included in Table 
S and in the 137 birds comprising Table 4. In the 1911 series 
(Table 3) the actual results were 90 white : 27 dark, and the expected 
results 88 : 29. Whereas we should expect only 7 -|- blacks (all 
females) we actually have. 12 (16 including the grays), including 9 
^9 and 3 in which the sex was not ascertained. In explanation of 
this discrepancy it may be said that in young chicks under 2 weeks 
of age, it is diflBicult to distingiush accurately the blacks from the 
barred. In case chicks die during the first week or two, all those 
which might later develop barring must be described as black. 
There can therefore be no doubt that several of the birds described 
as black would have become barred if they had lived. The only way 
seen at present to avoid this difficulty is to embody in the tables no 
<;hicks which die when less than 3 weeks of age. This plan was 
Adhered to in the formulation of Table 4. 

Regarding the barred birds, it is clear that more are called for 
(21 -|-) than actually appeared (11); but as already explained, the 
•deficiency would probably have been made up by addition of the 
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individuals from the "black" column, if these had lived long enough 
to develop their barring. It is apparent, however, that the ratio of 
(fcf to 99 is in the right sense. 

Turning now to the results of similar matings presented in Table 4, 
it is apparent that the experimental results conform more closely 
to the expected. In this case all the chicks were over three weeks 
old when described. The obtained ratio of whites to blacks is 
106 : 31, while the expected is 102 : 35. The actual ratio of black 
to barred birds was 7 : 24, while the expected was 8+ : 25+. As 
was to be expected no black <?<? appeared while the number of 
barred cf cf was approximately twice the number of the barred 
99 (14:6), the expected being 17+ : 8+, 

It is thus clear that when only chicks over three weeks old are 
mcluded in the tables the actual and the expected ratios find close 
agreement, and appear to demonstrate the correctness of the view 
that the c? W. L. is homozygous for the barred plumage pattern. 

Case 22,,— White Leghorn X Black Spanish, F2.— (Tables 6, 7 
and 8, pp. 171 and 172). The 1911 results presented in Table 6 show 
a predominance of whites and a deficiency of both black and barred 
birds. These matings were repeated in 1912 to ascertain whether 
the same defective ratios were present. Table 7 makes it appear that 
both the excess of whites and deficiency of dark are still apparent^ 
although in the case of the progeny of 14 D, S and T* the experimental 
results are closer to the expected. What circumstance causes the 
defective ratios shown in the totals in Table 9, cannot at present be 
stated. In this instance, some unsuspected factor may be at work. 

Case 3a. — White Leghorn X Black Minorca, F2. — (Table 9, 
p. 173). Although only a small number of individuals were raised 
from this mating, the experimental results, as in the case of W. L. 
X B. H., F2, are seen to correspond well with the expected. 

Case 4a. — White Leghorn X Black Java, F^. — (Tables 15, 16, p. 
179, 180). There is seen in the 1912 cross-breds a slight deficiency in 

4Theae 9 9 ^®" raised from the Black Spaninh mothers of Fi in the season of 1911. 
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the white and in the barred birds. But the ratios have an approxi- 
mate agreement and the sex-ratios are all in the expected sense. In 
Table 15^ showing the F2 results of the 1913 series^ it appears that 
the experimental results come very close to the expected. 

Case 3b. — {White Leghorn X Black Minorca) cf X Black Mir^ 
<rrca9. (Table 10, p. 174). It has been shown in Table 10 that 
when the White Leghorn X Black Minorca Fi cf was bred back to 
pure Black Minorca 99, the offspring included white, black and 
barred birds. We may now submit this case to Mendelian analysis, 
making use of the same factors as those employed in the discussion of 
Fj. Assimiing the zygotic formula of the Fi cross-bred cf to be 
C^Bbfili, aiid that of the black 9 to be CjbJFfi^y the mating may be 
represented : 

& CBfl • Cbfi • CBfi ' Chfl X 
9 CbFi • Cbfi = 



cfcf 



CiBbfJi, white 
CJbifiii, black 
CzBbfiity barred 
CjbifJi, white 



99 



CJBbFfli, white 
CJ)tFfii, black 
CfBbFfii, barred 
CJbiFfli, white 



Thus, according to the present hypothesis, there would appear in 
Fj, in every lot of 8 birds, the following types: 



Chakaci'er. 


cf 


9 


Total. 


White 


2 

1 
1 


2 

1 
1 


4 


Black 


2 


Barred 


2 








Total 


4 


4 


8 
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Now how do the observed results compare with the expected? In 
Table 10 (p. 174), have been presented the experimental results which 
should test the present theory. It is there shown that of 6 birds 
half were white and half dark; of the darks two were black and one 
was barred. The number of individuals described is too small to 
be of great value but it appears that the trend of the data is towards 
the verification of the hypothesis which has been assumed to cover 
these cases. 



2. C?! 



, [White Leghorn cf X Black Minorca 9 1 cf ) 

Case 3c. cf i ' } X Black 

Black Minorca 9 > 

Minorca 9 . — (Table 11, p. 175). Under the heading of Case 3b 
(Table 10) it has been shown that the mating (W. L. X B. M.) c? 
[CJSbfJil X Black Minorca 9 [Cufe^FftJ gives one-eighth cf d^ that 
are heterozygous for barring and lack the black-inhibiting factor /. 
Using as a breeding unit a c? having the zygotic constitution dBbUit, 
it should be possible, if the theoretical deductions are correct, to build 
up a group of barred 99 possessing the barring originally derived 
from the W. L. c? . The first step in this process would be to demon- 
strate that cf 325B actually was heterozygous for the barring factor, 
and would transmit this character to his offspring; then to produce 
heterozygous 99, free from /, and a homozygous c? possessing the 
zygotic formula CJBtfiit, — ^in other words, the constitution of the 
pure-bred B. P. R. cf . To accomplish the first step mentioned above 
c? 325B was mated with a number of black 99, including Black 
Minorcas. Since these fowls have the zygotic constitution Cjb%Ffity 
compatible with the absence of barring, and of the inhibiting factor, 
the cross should bring out a certain number of 99 manifesting 
heterozygous barring. This has appeared to be the case. The 
mating as made may be represented as follows: 

The c? 326B, [C%BhUi^ may be assumed to form gametes, 

CBji • Chji 
and the black 99 to form gametes, 

ChFi • Chfi. 
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Since both cT and 9 are now homozygous for C and i, these symbols 
may be left out of the mating formulae: 

cf Bf • 6f X 
9 bf . 5f = 

9 62Ff— black 
9 B6Ff — barred 
c? hift — black 
cT BhU — barred 

In other words, provided cf 325B was actually heterozygous for 
barring, this mating should give equal numbers of barred and black 
birds, equally divided between the sexes. When we compare with 
these theoretical deductions the experimental results presented in 
Table 11, p. 175, it is apparent that there is close correspondence. 
Similar results were obtained from matmg of cf 325B with Black 
Java 99 (Case3f) and Black Hamburg 99. These matings served 
to ^ve a number of 99 heterozygous for the barred plumage* 
pattern, and freed from the pigment-inhibiting factor; and these 
fowls as described in Case 5 were mated in the season of 1913 with 
cf 477 V, a bird which showed better barring than 325B. The data 
on the results of these crosses are reported on p. 180. 

( {White Leghorn cf X Black Minorca 9 ) cf ) 

Case 3d.— cf ] -^ \ X 

( Black Minorca 9 ) 

(White Leghorn cf X Blade Minorca 9) 9.— (Table 12, p. 176). 
Another method of testing the heterozygous nature of cf 325B for 
the barring factor was to mate this bird with (W. L. X B. M.) 
Fi 99. These we assume are, themselves, heterozygous for the 
barring factor and have the zygotic constitution dBbPfli, a formula 
compatible with barred pliunage rendered obscure by the presence 
of inhibiting factor /. These birds form gametes 
CbFi • CbFI • CBfl • CBfi 
In this case the presence of the inhibiting factor /, in a heterozy- 
gous condition, would interfere with the manifestation of the barred 
color-pattern in one-half the progeny which would therefore be white. 
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Among the other half, lacking the inhibiting factor, a part should be 
barred and the remainder black. 

If we assume that cT 325B, having the constitution C%Bhf2ii, forms 
gametes 

CBfi • Chfi 
and that the 99 [dBbFfli] form gametes 

CBfi • CBfl • CbFi • CbFI 
the mating may be represented: 

c? CBfi • Cbfi X 

9 CBfi • CBfi • Cbfi • CbFI 



&& • 



99 • 



CiBifJi, white 
CJBbfJi, white 
CiB2f2U, barred 
CiBbfiiij barred 

CJBbFfli, white 
Cjb^fli, white 
CjbtFfU, black 
CiBbFfii, barred 



The data presented above may be summarized as follows: 



Character. 


cf 


9 


Total. 


\\liitc 


2 

2 


2 
1 
1 


4 


Black 


1 


Barred 


3 








Total 


4 


4 


8 







In other words, among every 8 birds resulting from this cross, we 
should expect to find 4 whites, one black and 3 barred. Of the 4 
white, one should be homozygous and 2 heterozygous for barring; 
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and of the barred birds one cf should be homozygous, one hetero- 
zygous, and one 9 heterozygous for this character. 

The experimental data presented in Case 3c may now be compared 
with these theoretical results. In Table 12, it was demonstrated 
that of 34 birds raised 17 were white and 4 were black, while 13 were 
barred as shown in the following diagram : 





Character. 


1 
1 

1 ^ 

I 

1 


9 


? 


1 

Totals. 




Actual. 


Expected. 


White 




17 
2 
4 


17 

4 

13 


17 


Black.... 
Barred. . . 




1 

7 


1 
2 


4H 

mi 


Totals.. 


.^.1 8 


3 


23 


34 


34 



It will thus be seen that the correspondence between the actual 
and the theoretical results is very close. 

(White Leghorn cf X Black Minorca 9 ) cT 



Case 3e. — cf , 

( Black Minorca 9 

\ (White Leghorn c? X Black Minorca 9 ) c? 



X 



^ —(Table 13, p. 177). 
Black Minorca 9 

The experimental data presented under the head of Cases 3c and 3d 
made it apparent that cf 325B was actually heterozygous for the 
barring factor, and had the zygotic constitution, C2JB6/2i2- The next 
step in the process of obtaining (from the 325 group) the barring 
factor in a pure, homozygous condition was to obtain a 9 cross- 
bred heterozygous for this character. 

Under the heading of Case 3b it has been shown that from the 
mating (White Leghorn X Black Minorca ) c? X Black Minorca 9 
there were produced, along with the barred cf 325B, black 99 and 
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white 99. From the mating in question one of each sort lived to 
maturity, black 9 325A and white 9 325E. A consideration of the 
analysis presented on p. 177, made it seem probable that 325A did 
not i)ossess the barring factor, its zygotic formula being CjbJPfU- 
The white 9 325E, however, might have had the zygotic constitu- 
tion CtBbFfli (compatible with a barred plumage rendered obscure 
by the presence of /) ; or the constitution CjbiFfli (compatible with 
the total absence of the barring factor). We may now consider the 
details of these two matings, with the aim of demonstrating the actual 
zygotic constitution of the black and the white female cross-breds 
mentioned above, both being full sisters of cf 325B. 

First Instance,— (? 325B {hatred) X 9 S25A {black): As in- 
dicated above, cf 325B [C2Bbf 212] may be considered to form gametes 

CBfi • Cbfi 
while the black 9 325 A (his sister) [C2b2Ffi^]f forms gametes 

CbFi • Cbfi 
The mating would then be represented: 

9 CbFi • Cbfi X 
c? CBfi ' Cbfi = 

9 Cjb2Ffi2f black 
9 CiBbFfii, barred 
(f CjD2f2i2j black 
cT C2Bbf 212, barred 

In other words, among every four birds two would be black and 
two would be barred; and in each of these groups there would be one 
cT and one 9 . Each of the barred birds would be heterozygous for 
this character. The expectation may be represented as follows: 



Character. 


& 


9 


Total. 


Black 


1 
1 


1 
1 


2 


Barred 


2 








Totals 


2 


2 


4 
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When we compare these deductions with the results actually 
obtained in experiments as presented on p. 177, it is apparent that 
the experimental results come fairly close to the expected. Of 43 
birds described when over 3 weeks old, 25 were barred and 18 were 
black; and in each group the sex-ratios were approximately 1:1. 

JSecond Instance.— d^ 325B (barred) X 9 S25E (white); first 
possibility: We may consider first the case in which 9 325E is 
assumed to have the zygotic formula C2BbFfIiy compatible with 
heterozygous barring rendered obscure by heterozygous /. As 
before, cT 325B may be assumed to form gametes, 

CBfi ' Cbfi 
while the 9 325E, forms gametes, 

CbFI • CbFi ' CBfl • CBfi 
The mating would then be represented: 

9 CbFI ' CbFi • CBfl • CBfi X 
d^ CBfi • Cbfi = 



&& 



CzBbfJi, white 
CzBzfJij white 
C%Bbf2i2i barred 
C2Bzf2i2, barred 



99^ 



Cjb^Ffli, white 
CiBbFfli, white 
j C^BbFfii, barred 
[C262F^2, black 

These data may be summarized as follows: 



Character. 


cf 


9 


Totals. 


Black 



2 
2 


1 
2 

1 


1 


White 


4 


Barred 


3 








Totals 


4 


4 


8 
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It is thus apparent that in the mating under consideration among 
every 8 birds we may expect to have 4 white and 4 dark. Of the 
whites, 2 will be cf cf and 2 99. Of the darks, one will be black 
and 3 barred; the black bird and one of the barred birds will be 99. 
It appears that the expectation of producing a c? homozygous for 
barring would here be attained. One out of every 8 birds (or one 
among every 3 barred cT cf ) should be homozygous for B. 

We may now compare with these theoretical data the results 
obtained in the actual cross. As shown in Table 13 (p. 177), among 
50 birds, 25 were white and 25 dark. Of the darks, 13 were black 
and 12 were barred. According to expectation we should have among 
48 progeny the same proportion of light and dark birds, but the barred 
should stand in proportion to the blacks as 18 to 6; and all the blacks 
should be 99. It is at once apparent that these expectations are 
by no means fulfilled, and we may therefore turn to a consideration 
of the second possible interpretation involving a different zygotic 
constitution for 9 325E. 

Second Instance.— c? 325B {barred) X 9 325E (white); second 
possibility: On p. 177 reference has been made to the fact that 9 
325E, so far as appearance was concerned, might have been hetero- 
zygous for the barring factor or might lack it. In the previous in- 
stance the case has been considered in which the bird was assumed 
to be heterozygous for B. In the present instance we may consider 
the probable results of mating in case 325E lacked this factor but 
was heterozygous for /, — ^in other words, possessed the zygotic con- 
stitution CjbtFfli- The cf 325B would form gametes as previously 
shown while the 9 might be assumed to form gametes 

CbFI ' CbFi ' Cbfl • Cbfi 
The mating would then be represented: 

9 CbFI • CbFi Cbfl ' Cbfi X 
c? CBfi • Cbfi = 



&& 



Cjb^fdii white 
CzBbfzIiy white 
C^Bbf^i^j barred 
CJ)if2i2, black 
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99 



CJ)2FfIi, white 
CiBbFfli, white 
CJBbFfii, barred 
Cjb^Ffit, black 



These data may be summarized as follows: 



Character. 


(^ 


9 


Totals, 


Black 


1 
2 

1 


1 
2 
1 


2 


White 


4 


Barred 


2 








Totals 


4 


4 


8 







From this it appears that among every 8 birds resulting from such a 
cross as that being considered we should expect to have 4 whites and 
4 darks. Of the white birds 2 would be cfcf and 2 99. Of the 
dark birds 2 would be barred and 2 black, each group being equally 
divided between the sexes. 

We may now compare with these data the results obtained in the 
cross 325B X 325E presented on p. 177, and attempt to decide 
regarding the actual zygotic constitution of 325£. The actual and 
expected results were as follows: 



Character. 


& 


9 


Sex. 

(?) 


Totals. 


Expected. 


White 


? 
2 
5 


? 
6 

4 


5 
3 


25 
13 
12 


25 


Black 


1214 


Barred 


1214 






Totals 








60 


50 
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It is at once apparent that there is close relation between the 
actual and the expected results in these cases, thus verifying the 
constitution of 325E as Cjb^JIi. It is therefore clear that neither 
325A nor 325E could be used in further matings to produce a barred 
strain. This purpose was served, however, by the barred 99, 
daughters of 325B, secured in the 1912 matings from the black 
mothers. These were mated in 1913, not with 325B, but with one of 
his sons, 477V, a bird which possessed a somewhat clearer pattern, 
and was chosen as one which might be homozygous for barring. The 
details of these crosses are as follows: 



Case 5. — c? 



{White Leghorn X Black Minorca) <^ 
Black Minorca 9 



c? 



9 Black Java 



X Cross- 



bred 99, heterozygous for barring (Table 16, p. 177). Since the cf 
477V and the barred 99 are homozygous for both C and i, these sjrm- 
bols now may conveniently be left out of the mating formute, which 
may be given as follows: 
The zygotic constitution of the cf 477V is 

BbU 
forming gametes 

The constitution of the 99 is 
forming gametes 



Bf-hS 
BbFf 



bF ■ Bf 
The mating may therefore be represented: 

9 Bf bF X 
c? Bf bf = 

cf Bbfi, barred 
(f Btft, barred 
9 biFf, black 
? BbFf, barred 
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These expected results may be summarized, and compared with 
the actual results, as shown below: 



Character. 


Expected 


Expected 
99 


Expected 
totals. 


Actual 
totals. 


Black 



2 


1 
1 


1 
3 


74 


Barred 


175 






Totals 


2 


2 


4 


249 







When the actual results (Table 17, p. 181) are compared with the 
expected it is clear that there is a close agreement. At the time this 
paper goes to press, it is impossible because of the immatiu-ity of the 
stock to ascertain the sex-ratios and their relation to barring. It 
may be stated, however, that the 1913 progeny undoubtedly contains 
the expected proportion of cf cT homozygous for barring. It already 
appears possible to predict which these birds are by means of their 
lighter color. In this young stock there have already appeared birds 
which possess a much better grade of barring than any observed in 
the earlier stages of the investigation. To what extent selection for 
two or three years may be effective in further improving the character 
of the barred pattern remains of course to be ascertained. Suffice it 
to say at present that the mating described in Case 5 has finally 
yielded the expected cf cf homozygous, and 9 9 heterozygous, for 
the barring factor; and these birds will now be used as selection= 
material for further improvement of the character under discussion. 

B. Discussion of Additional Data not Included in the 
Foregoing Cases. 

During the course of these investigations a few other matings 
bearing upon the constitution of the White Leghorn have been made. 
These may be discussed briefly at this time, although the detailed 
results must await further breeding. These data relate to (1) the 
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constitution of the W. L. 9 with reference to the factor /; (2) the 
presence of factor C, or other factors for black pigmentation, in the 
W. L. .cf; (3) the possible identity between the factor / in the 
W. L. and Bateson and Punnett's factor /, of the Brown Leghorn, — 
an inhibitor of the Silky type of mesodermal pigmentation in crosses 
hetween the B. L. and W. S.; (4) the possible occurrence of barring 
in other breeds of fowl possessing the "R-white." These points 
may be taken up in the order of their presentation. 

L — The constitution of the White Leghorn 99 with respect to factor 
I. — In order to throw light on this point crosses were made during 
the season of 1913 between the B. H. c? and W. L. 99, these being 
the reciprocal of crosses mentioned earlier in this paper. Fi gave 
only white birds, thus indicating the homozygous nature of the W. L. 
•99 for the inhibiting factor. This result was naturally expected. 

2. — The factor for black pigmentation in the W. L. cf. — It has been 
-assumed in this study that the W. L. cT is essentially a black bird in 
which the pigmentation is obscured by the action of the inhibiting 
factor /. It is now necessary to present the data upon which this 
assumption is based. First it may be said thst this assumption 
regarding the zygotic constitution of the W. L. is in harmony with the 
majority of the experimental results already presented. To assume 
that the W. L. cT lacks the factor for black pigmentation is not in 
agreement with the results observed. But it has seemed possible to 
throw light upon this matter by other means. If the W. L. c? were 
' mated with an R-white, such as the White Plymouth Rock, F2 
should yield some pigmented birds in which the factors / and C had 
become separated from each other. We may tentatively regard the 
isygotic constitution of the W. P. R. 9 as caBbF^a forming gametes 

cBfi • cbFi 
The mating would then be represented: 

cf CBfl • CBfl X 

9 cBfi ' cbFi = 

9 CcB6F//i — white 

cf CcBifJ^i — white 
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In an actual mating of this sort, of 63 Fi individuals all were white. 
Of this number, however, 6 showed one or more barred feathers. 
Except in the case of one 9 the sex of these birds was not ascertained. 
Many of the Fi generation, as chicks, showed patches of black down 
feathers, but when the birds had matured all barred feathers had 
disappeared and both sexes were pure white except for occasional 
black ticks. It is thus evident that, even in Fi, pigment appeared 
from some sourcey although the parent breeds were in appearance pure 
white. This result is explainable on the ground of the dilution of 
the // of the W. L. to li in the cross-breds. Better evidence h 
however, to be derived from observations on the F2 individuals. 

In obtaining the Fj, cross-bred cf 463A employed, was an abnost 
white bird, and may be assumed to form gametes of four sorts, as- 
foUows: 

CBfl ' CBfi • cBfl ' cBfi 
while the cross-bred 99 (463 E, F, J; 464 K, I, N, Q) may be 
assumed to form gametes of eight sorts: 

CBfl ' CBfi • cBfl • cBfi 
CbFI ' CbFi • cbFI • cbFi 

The mating may be represented as follows: 

9 CBfl ' CBfi ' cBfl • cBfi - CbFI • CbFi • cbFI • cbFi X 
cf CBfl • CBfi • cBfl • cBfi — 

CzBbFfh (1), white 
CiBbFfli (2), white 
CcBbFfh (2), white 
CcBbFfli (4), white 
99^ C2B&F//2 (1), white 
c%BbFfIi (2), white 
CiBbFfii (1), white 
CiBbFfii (1), barred 
I CcBbFfii (2), barred 
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CiBzfJi (1), white 

CiBzfJi (2), white 

CcBzfJt (2), white 

CcBzfJi (4), white 

99-1 CjBjt/2/2 (1), white 

CiBffJi (2), white 

CaBjfai^ (l)j white 

CJB^%i% (1), barred 

LCcB^ji2 (2), barred 

The data given above may be summarized in the following table: 



Character. 


d 


9 


Total. 


White \ 


13 
3 


13 
3 


26 


Barred 


6 








Total 


16 


16 


32 









It is thus apparent that among every 32 Fa individuals, one would 
exp>ect to obtain 6 barred birds, equally divided between the sexes. 
The results may now be compared with the expectations as follows: 



Character. 


Actual. 


Expected. 


Barred 


11 
50 


llA 


White 


4dA 








Totals 


61 


61 







These results appear to justify the view that either the W. L. cf 
or the W. P. R. 99 must be homozygous for the factor for black 
pigmentation. Since we know that whenever black pigmentation is 
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-added to the barred pattern possessed as a crjrptomere by the W. P. R. 
breed, the barring appears, we are forced to the conclusion that this 
breed does not normally carry this factor for black pigmentation but 
that the character lies dormant in the W. L. stock reappearing when 
it is freed from its inhibitor /. The fact that no black individuals, 
cfcT or 99, but only barred (and white) birds arose from this 
cross in F2 is additional proof of the homozygous condition of the 
W. L. cT with respect to the factor for barred plumage pattern. 

There may be, however, one other possible explanation of the 
appearance of black-pigmented feathers in Fi birds and a certain 
proportion (6 in 32) of barred individuals in F2. It is conceivable 
that the W. L. cf and the W. P. R. 9 each contain one of the factors 
whose fusion is necessary for the full manifestation of black pig- 
mentation, Bateson and Punnett (op. ciL) have described a case in 
which the mating together of two R-whites produced progeny all of 
which were dark colored. These factors may be designated X and Y 
and it may be assumed that, while neither alone can determine black 
pigmentation, X and Y working together (i. e., XY) are able to bring 
it about. In case the W. L. cf was homozygous for the factor X, 
and the W. P. R. 9 homozygous for the factor 7, all the offspring 
would be XY, — compatible with black pigmentation. But upon the 
assumption that the W. L. cf is /j, this pigment would not be mani- 
fested in the Fi individuals. Making use of this hypothesis the 
W. L. c? would be £2/2/2^22/2 forming gametes 

BfIXy • BfIXy 
while the W. P. R. 99, having the zygotic constitution BbPfi^x^Yi, 
would form gametes 

BfixY ' bFixY 
The mating would then be expressed: 

c? BfIXy • BfIXy X 
9 BfixY 'bFixY = 
&& BzfJiXxYy, white 
99 BbFfliXxYy, white 

All of the Fi individuals are heterozygous for /, X and Y. The 
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presence of X and Y together would determine pigmentation, but 
this would be obscured by /, althougn in heterozygous condition. It 
is conceivable, however, that li might permit a small amount of 
black to appear in the early feathering of Fi; and this condition was- 
actually found to occur as also pointed out by Goodale (1910). In 
this paper it has been shown to bold for Fi in nearly all of the White X 
Black crosses. 

In the production of Fa of the cross imder discussion, a cf Fi white 
cross-bred [BifJiXxYy] would form gametes of 8 sorts: 

BfIXY • Bfixy • BfIXy • BfixY 

Bfixy • BfiXY ' BfIxY • BfiXy 
while Fi cross-bred 9 [BbFfliXxYy] would form 16 kinds of gametes: 

BfIXY • Bfixy • BFIXY • bFixy 

BfIXy • B^y • bFIXy • bFixY 

BfIxY ' BfiXY ' bFIxY • bFiXY 

BfIxy • BfiXy • bFIxy • bFiXy 
This mating would give 128 individuals possessing 27 diflferent 
zygotic constitutions as follows: 



cf Combinations. 



B^diX^Y^ (1), white 
BifJiXxYy (8), white 
BtfJ^^Yy (2), white 
B^fJiXxYi (4), white 
BtfJiXxYy (4), white 
BifJiX2Y2 (2), white 
BifJ^XxYi (2), white 
BtfJiX^Yy (4), white 
BffJiXxyi (4), white 
BtfJiXiyi (1), white 
BifJiXxyi (2), white 
BiSdiXtyt (2), white 
BjfJixiYy (4), white 
BifJix^Yi (2), white 



BifJf^iYy (2), white 
B^J^zYz (1), white 
B2fJiX2y2 (2), white 
Btf2l2pC2y% (1), white 
B2Sii^2y2 (1), white 
B2j2i^2Yy (2), white 
-82/212X22/2 (1), white 
B2}2iiXxy2 (2), white 
Bif2i2X2Y2 (1), white 
B2}2iiXxYy (4), barred 
B2f2iiiXxY2 (2), barred 
B2f2i2X2Y2 (1), barred 
B2fii2XtYy (2), barred 
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Females, heterozygous for B and F, would be formed in the exactly 
same niunber and proportion as those indicated above for the cf cT . 

From this analysis it is apparent that among every 128 individuals 
18 would be barred and 110 white, both the barred and the white birds 
being equally divided between the sexes as follows: 



Character. 


cf 


9 


Total. 


White 


55 
9 


55 
9 


110 


Barred 


18 








Total 


64 


64 


128 







In the following table, we may compare the actual with the ex- 
pected results in F2 as formulated upon the present hypothesis: 



Results. 



White. 


Barred. 


50 


11 


49* 


llA 


528} 


m 



TotAl. 



Actual. . . 
Expected* 
Expectedt 



61 
61 
61 



♦Provided the W. L. (^ poBaeaseB the primary color factor, C, and the W. P. R. $ ? 
contributing pigmentation factor whatever. 

tProvided the W. L. (^ possesses the ** X-factor" and the W. P. R. ? ? the " Y-faetor.** 

It is apparent from the summary presented above that on the basis 
of the single-factor hypothesis we should obtain 12 barred individuals 
in every 64, while on the double-factor hypothesis we should obtain 
only 9 in 64. The experimental results, comprising observations on 
61 F2 individuals, are slightly in favor of the former view. It must 
be borne in mind, however, that the difference between the two groups 
of expected results is slight, and final conclusions must be deferred 
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until data are obtained on a larger number of F2 birds than form the 
basis of present comparisons. 

3. — On the nature of the factor I of the White Leghorn fowl. — ^Hereto- 
fore in this series of experiments the inhibiting factor has been ob- 
served only in its effect upon the factor (or factors) for black pigmen- 
tation of the feathers, and (still unpublished) of the beaks and shanks 
(epidermal pigmentation). Whether factor I has the power to 
inhibit in all cases other colors, such as buff and red, cannot be stated 
definitely at this time.* But one other point of interest has been 
raised with reference to the factor 7 as a result of reciprocal matings 
between the W. L. and W. S. breeds. The experimental data may be 
presented as follows: 

From the cross, W. L. cf X W.S. 9 all the progeny were white with 
the exception of a few minute black flecks and an occasional suffusion 
of buff on the breast or wing coverts. The cfcf and 99 were 
exactly alike in appearance, not only with respect to the pigmentation 
of the feathers, beaks and shanks (epidermal), but also with respect 
to the typical mesodermal pigmentation of the W. S. 

In the cross W. S. cf X W. L. 9 the results were different: 
With respect to plumage pigmentation, both cfcf and 99 were 
heavily splashed with black. The pigmentation was perhaps more 
apparent on the cf cf. With respect to the Silky type of pigmenta- 
tion, the heavily pigmented birds (eyes, beak, shanks, wattles, 
pleura, peritoneum, etc.), were invariably 99. It is apparent 
that these results (so far as they relate to the inhibition of mesodermal 
pigmentation in the cf cf ), are in accord with the findings of Bateson 
and Punnett (op. cit,) from observation of reciprocal crosses between 
the Brown Leghorn and W. S. 

The results obtained by the present writer make it appear that the 
W. L. 9 , as well as the B. L. 9 , possesses in heterozygous condition a 
factor for the inhibition of the Silky pigmentation; and that the 

Mt can now be sUted. as a result of later work, that the red of the Rhode Island Red breed, is 
VBcessive to, and the buff of the Buff Leghorn and Buff Wyandotte dominant over, the white of the 
^'^te Leghorn. 
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inheritance of this inhibiting character is sex-limited, being trans- 
mitted from the 9 9 to the cf cf only. 

The differences in plumage-color (i. e., heavily splashed Fi birds 
from the W. S. cf X W. L. 9 mating, etc.) are more diflBicult to 
explain and no attempt will be made to do so at this time. 

In conclusion it may be merely pointed out that the factor which 
inhibits black pigmentation in the plumage corresponds with Bate- 
son's and Punnett's inhibitor of Silky pigmentation in so far as its- 
effect is observed only in W. S. cT X W. L. 9 matings. But the 
factors seem to be distinct in that, while the inhibitor of Silky pig- 
mentation is strictly sex-limited (preventing deep pigmentation in 
the Fi d^ cf from W. S. cf" X B. L. 9 ), the W. L. mhibitor of black 
in plumage does not appear to be sex-limited, since the Fi from the 
W. S. c? X W. L. 9 cross are also deeply splashed with black. It 
therefore appears that the White Leghorn breed of fowls possesses 
at least two distinct color-inhibiting factors, — one for the Silky type 
of pigmentation, the other for black pigmentation in the plumage. 
These points require further study. 

4. — The presence of the barred pattern in other breeds of fowl char- 
acierized by the R-white, Outside of the White Plymouth Rocks, 
which as is well known possess barring as a cryptomere, only two 
other breeds characterized by the R-white have yet been tested for 
their possession of the barring factor. These are (1) the White Silky, 
(2) the White Minorca. 

In the first of these crosses between the W. S. cf and B. H. 9 , of 
9 individuals all were black; these manifested also the dark shanks, 
skin, and crest of the Silky. In F2 the results were: 

Black, including 2 blue 33 

White 10 

Game pattern, variously modified 9 

Thus the expected 3: 1 ratio appears among the black and the 
white birds with no observed manifestation of the barred pattern. 
No attempt will be made at this time to explain the appearance of 
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the games.* It suffices the present purpose to state that the barred 
pattern did not appear in either Fi or F2 of the White Silky X Black 
Hamburg crosses. 

In Fi of the matings between a White Minorca c? and Black 
Hamburg 9 all the progeny were black, the cf cf manifesting red 
saddle feathers. In Fa of this cross (1913) the results were: black 
78, white 27, the expected being: black 78^^, white 26 J^. No 
barring appeared in either Fi or Fs. 

V* General Summary and G)ncIusions» 

1. — In reviewing as a whole the results of the many crosses described 
m the foregoing pages it becomes apparent that, as was stated at the 
outset, the original aim of the investigation has not been realized. 
The main purpose was (in 1909) to produce, and then to "fix" the 
barred plumage pattern by means of suitable matings of white with 
dark birds, it being assumed tentatively that the barred plumage 
pattern might represent, as many breeders have supposed, a hetero- 
zygous condition of black and white, — ^a sort of a mosaic in the same 
feather. It is true that a part of the aim has been attained, in so far 
as a completely barred pattern was actually secured in F2; and a pure 
strain of barred fowls has been built up from these barred F2 in- 
dividuals. But a consideration of the nature of this barring, together 
with a careful study of its manner of inheritance in the numerous 
crosses mentioned above, leaves no doubt that it could not have been 
produced de novo from the White X Black matings as first suspected, 
but that it had its origin in a factor for barring present in the gametes 
of the W. L. cf . The evidence ab-eady presented indicates therefore 
that the W. L. cf is homozygous for this character B, while the 9 is 
heterozygous. It also indicates that the W. L. cf carries a factor, C, 
or possibly other factors, for black pigmentation. This circumstance 
would naturally bring out the barred pattern were it not for the 
presence of an inhibiting fact, 7, which represses the manifestation 
of black, — a factor for which the W. L. cf is also homoz ygous. 

*Thia point* together with others which have arisen in the course of the investigations, will be 
considered in detail in a later publication. 
6 
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2. — ^The 2ygotic constitution of the W. L. cf with respect to barring 
and the other factors concerned has thus been given provisionally as 
CJB?fJi, and the 9 as CJBhtFfl^. To what extent the W. L. stock 
of this country and Europe possesses this formula cannot now be 
definitely stated. All that may be said on this point at present is 
that the data presented in this paper are based on experiments which 
made use of some of the best W. L. stock obtainable.* 

3. — ^The possible origin of the factor for barring in the W. L. has 
not been considered in these pages and it is probably useless tx> 
speculate on this point imtil we have more authoritative information 
relating to the foundation of this breed and to the manner of pro- 
duction of the various strains now scattered about the country. 
Among them all there may exist several variations in zygotic constitu- 
tion. 

4. — ^The result of the reciprocal crosses between the W. L. and W . S. 
indicates that cf cf of the former breed (as is also the case with the 
Brown Leghorn cf ) possess a factor which inhibits Silky pigmenta- 
tion (mesodermal). The 99 are heterozygous for this character, 
which is sex-limited in its inheritance. These "inhibiting factors," 
apparently possessed by the Leghorn breed of fowls as a whole, are 
of considerable interest and deserve further study. In the hands of 
the intelligent breeder, they suggest an effective instrument for con- 
trolling the manifestation of a variety of characters in poultry. 

5. — ^Finally it may be said that the data reported in this pap>er 
explain certain curious results obtained by both Davenport and 
Hurst {op. oil,) with respect to barred progeny. They furthermore 
give an explanation for the interesting phenomenon occasionally 
observed by poultrymen, — the appearance of "cuckoo" progeny in 
Fi or Fj from supposedly non-barred parents; also for the otherwise 
imexplainable circumstance that barred 99 have arisen from 

*SiDoe the reBulta presented in the body of this paper were secured, two other W. L. males have 
been tested, one comins from Professor James E. Rice of the Cornell Agricultural Collefce and 
Experiment Station; the other from Professor Harry Lewis of the New Jersey Agricultural Experi- 
ment Station. Both were found to possess the barring factor as indicated by the appearance of 
barred feathers in the F^ individuals. 
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barred mothers in the case of crosses with W. L. cf cf, it being now 
commonly assmned that the sex-limited character, barring, is in- 
herited by 99 from the cf only. 

As to the production of the barred pattern de novo, it has been in- 
dicated that barring was not obtained from two cases of matings be- 
tween Blacks (Hambm^) and recessive Whites (Silky and Minorca). 
That the barred character can be produced, or "synthesized" from 
breeds not possessing the factor for barring now seems improbable; 
and we can agree with Correns (1905, p. 13) when he says: "Wo 
Mosaikbildimg als Regel bei einem Bastard auftritt, war sie schon in 
einem der Eltem oder in beiden, aktiv oder latent, vorhanden." 
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Vn* Description of Plates. 

PLATE I. 



Figure 1, White Leghorn cf , 193 A. 
Figure 2. White Leghorn cf, 1 A. 



PLATE II. 



Figure 3. White Leghorn X Black Hamburg, Fi 9, 10 I. 
Figure 4- White Leghorn X Black Hamburg, Fi c?, 211 M2. 



PLATE III. 



Figure 6, White Leghorn X Black Hamburg, Fa 9, 315 S. 

Figure 6. Barred F3 c?", 477 V. (See text, p. I8O). 

Figure 7. Black Hamburg 9, 5 A. 

Figure 8. Barred F2 c?, 325 B. (See text, p. 175). 
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PLATE II. 




FIG. 3 




FIG. 4 
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ABSTEACT8 OP UNAVAILABLE BULLETINS OP THIS STATION, IN WHICH 

WEBB BECOBDED EABLIEB EXFEBIMENTS WITH PBOTEIN 

CONCENTBATES. 

It has become necessary, owing to the small number of copies 
on hand, to withdraw from general distribution those bulletins which 
contained accounts of feeding experiments with poultry, especially 
those with protein concentrates. On this account the present 
bulletin will not only contain the details of hitherto unpublished 
experiments, but also brief mention of the work published in two 
earlier bulletins, which are now unavailable. 

Abstract of Bulletin 126 ^ January 1908. 

This bulletin was entitled "Feeding Experiments with Chickeos, 
Cockerels and Turkeys. "J The experiment with chickens was 

*Contribati(m 203 from the A^oultural Ezperiment Station of the Bhode Island State College. 
fThe authon are indebted to Roy H. Waite and to the late D. E. Kolbe for their faithfuhieea and 
interest in eaiins for the chioka. 
XBy J. WiUard Bolt^ 



Digitized by 



Google 



220 Bulletin No. 156.— 1914. 

conducted to show the effect on the growth of the chicks of adding 
to basal feeds common to all the lots, cotton-seed meal, gluten feed 
or '' granulated milk," each with and without additional bone con- 
stitutents, in comparison with the effect of an addition of animal meal, 
which of course naturally contained an abundance of bone. These 
protein concentrates were added to the basal feeds so as to furnish 
an equal percentage of protein, and the chickens were allowed to 
eat as much of the total feed as they desired in each case. Under 
these conditions the animal-meal ration produced by far the fastest 
growth. When the additional ash constituents (calcium carbonate 
and bone ash) were fed, the other protein concentrates gave much 
better results than when only the ash contained naturally in the feed 
was present. Other similar experiments were recorded in another 
bulletin to be abstracted. 

The experiment in fattening cockerels furnished data concerning 
the effects of an addition of 10 and of 20 per cent, of animal meal 
to a mixture composed of the following parts by weight, namely: 

Sifted ground oats 1 

Bolted com meal 4 

Middlings 2 

when fed only in a trough, and also not only in the latter but in part 
by a cramming machine. Only four, thin fowls, six months of age 
and weighing about four poimds apiece were in each lot. They 
were confined in crates. During three weeks the average gain in 
poimds per cockerel was, when fed in the trough and by machine, 
.53 without animal meal, 1.09 with 10 per cent, of animal meal, 
and .63 with 20 per cent, of animal meal; the cost of feed per pound 
of gain being 19.8, 9.8 and 18 cents, respectively: when fed only in 
the trough the gain was .45 without animal meal; .76 with 10 per 
cent, added; and .62 with 20 per cent, added; the cost of feed per 
pK)und of gain being 19.9, 13.9 and 18.4 cents, respectively. 

In order to secure an indication of the advisability of fattening 
turkeys in confinement instead of on the range, six lots composed of 
five turkeys each and weighing about twelve pounds per lot were 
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fed in various ways during a period of ten days. Ttie following 
summary, which is quoted from the bulletin, should be looked upon 
as only indicative: 

^'1. For a short feeding period there is not sufficient advantage 
in using a wet mash of mixed grains, at the prices quoted, to warrant 
the turkey fattener in adopting the ration. 

"2. While the feeding of a mash partly in the trough aud partly 
with a cramming machine gave the greatest average gains at the 
least cost for feed, the added outlay for labor over feeding corn on 
the range would make the latter method more profitable. 

"3. Heavy feeding may hasten the development of the 'black- 
bead disease, ' if it is already present in the system. '' 

Abstract of Bulletin 14S, April, 191 L 

"Protein Concentrates for Winter Chickens" *was the title of the 
bulletin. In most of the experiments recorded the chicks were from 
two to four weeks old at the beginning and had reached the broiler 
stage when the experiments were terminated. In order to keep an 
accurate record of the amount of feed and ash constituents which 
they consumed, the chicks could be given no opportunity to wallow 
in dirt and fine litter. The floors of the pens were made of either 
concrete or boards, and covered with rye straw cut in pieces about 
four inches long. The data include, in pounds per ten chicks for 
each week, the feed consumed, the live weight and the gain in weight. 

In most of the experiments the amounts of the concentrates com- 
pared were such that they supplied the same proportion of protein 
in the various rations. A considerable portion of the rations was 
purposely composed of the concentrates, in order that the effects 
of the latter might be more marked. 

The principal results given in the bulletin can best be made avail- 
able by the following quotation from the last three of its forty pages: 

«By Burt L. HartweU and W. F. Kirki>atrick. 
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'GENERAL CONSIDERATIONS. 



". . . the chicks were generally allowed as much of the dif- 
ferent rations as they would consume. Therefore the comparative 
merits of the concentrates have been judged principally with reference 
to the rapidity of growth, regardless of the amount of food con- 
sumed. Had the chicks in the lots under comparison been limited 
to the same amount of feed in all cases, so that no lot was given any 
more feed per chick than the one which was inclined to consmne the 
least, the relative degree of efficiency between the concentrates would 
have been changed. 

"When feeding winter chicks for market, the cost of feed is not the 
main item of expense; and a ration which will not produce rapid 
growth is not economical, even though its price is considerably lower 
than that of a ration which will be consumed in larger quantity 
and thus prepare the birds for market with the least expenditure 
for coal and care. 

"Although the vegetable protein-concentrates have seemed to be 
inferior to the animal concentrates in the experiments which have 
been described herein, it should be recalled that they constituted 
quite a large part of the rations in order that most of the protein 
might be furnished by them, so that the effects of the concentrates 
might be marked. It would be a mistake to conclude that a con- 
centrate which was not satisfactory when it supplied perhaps five- 
sevenths of all the protein, would not prove so when constituting a 
smaller proportion of the combined feeds. 

"The experiments which have been described herein do not enable 
one to attribute the effect of a concentrate to any particular one of 
its ingredients. Although the concentrates which are being con- 
sidered are secured primarily as sources of protein, they contain 
more or less of the non-nitrogenous ingredients of food, such as 
starch and fat. Even though the protein may constitute the prin- 
cipal food ingredient, and therefore be the main cause for the specific 
action of a concentrate when fed to chicks, which need so much 
protein, it must be understood that the results secured in these 
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experiments should be attributed to the particular concentrate as a 
whole rather than solely to the kind of protein which it contains. 

"summary. 

"The experiments described in this bulletin were undertaken to 
compare the eflSciency of various protein concentrates for promoting 
rapid growth of winter chicks. 

" In the first two experiments was shown the extent of the beneficial 
effect of adding to rations composed of vegetable products such 
materials as bone ash and calcium carbonate, for the purpose of 
supplying the constituents of which the bones are composed. With 
rations composed largely of com and wheat, together with linseed 
meal, gluten feed, or cotton-seed meal, as protein concentrates, the 
results were extremely unsatisfactory when the ingredients of bone 
were not added. 

"Because of the differences in the amount of ash an attempt was 
made to provide an abundance of ash constituents in all cases where 
strict comparisons were made of the feeding value of the different 
concentrates. As compared with beef scrap and granulated milk, 
under such circumstances, the vegetable concentrates proved mark- 
edly inferior for rapid production of growth in the case of chicks 
which were allowed as much as they would consume of rations con- 
taining considerable proportions of the concentrates. This observa- 
tion is based upon three comparisons with cotton-seed meal, two 
each with gluten feed and gluten meal, and two with linseed meal. 

"Fresh beef scrap, and 'milk albumen' or granulated milk proved 
to be superior protein concentrates. Animal meal, which is less 
greasy and which on this account might appear dryer than beef 
scrap, was somewhat inferior to the latter. It is thought that in 
some instances it possibly contains objectionable ingredients, which 
are less likely to form a part of a beef scrap resulting from the 
manufacture of good tallow. 

"The indications as furnished by only a single experiment were that 
bone ash is superior to finely ground phosphate rock as a source of 
calcium phosphate for chicks. 
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''Id feeding chicks which weighed not less than 1.1 pounds, for two 
or three weeks with the purpose of finishing them for market, three 
experiments showed that no increased gain resulted from adding 
sugar to a given amount of feed; and it did not appear that the 
sugar caused a demand for a greater amount of feed. 

"Two comparisons of rations containing different proportions of 
beef scrap resulted in greater gains in case of the larger admixture 
of beef scrap; that is, when it constituted about 26 per cent, instead 
of about 18 per cent, of a ration otherwise composed principally of 
com meal and cracked com. " 

INTRODUCTION TO THE HERETOFORE UNPUBLISHED EXPERIMENTS. 

In case of the earlier work with protein concentrates, to which 
reference has been made, the chicks were allowed about all they would 
eat of the different rations. The concentrates were compared 
therefore largely with reference to their influence in promoting 
rapid growth, without limitations as to the amount of feed consumed. 

In most of the experiments about to be described, however, the 
different lots in a given experiment received an equal amount of a 
basal ration, special additions being made to this common ration in 
case of different lots. It is evident that under these conditions the 
lot which consumed its feed least readily established a limit to the 
amount which the other lots could have, since all were to receive 
the same amount of the basal ration. 

The attempt was made to supply in the basal ration such a large 
proportion of non-nitrogenous to nitrogenous ingredients that the 
influence exerted by the protein concentrates under experimentation 
would be attributable largely to their nitrogenous, rather than to 
their non-nitrogenous constituents. 

In selecting a basal ration to contain all the possible necessary 
kinds of nitrogenous compounds, it was considered a desirable pre- 
caution to inckide a small quantity of a number of different protein 
concentrates, even of beef scrap and cotton-seed meal which were 
also to supplement the basal ration for the purpose of securing a 
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strict comparison of the effect of an equal amount of nitrogen in them . 
A certain admixture of such material as bran and ground alfalfa 
was considered necessary to prevent stickiness and an undesirable 
mechanical condition in case of the food for an> of the lots. Atten- 
tion to these points led to the unavoidable addition of considerable 
protein (nitrogen times 6.25) to the basal ration even though corn 
and rice, on account of their low protein content, were used to make 
up the major part of the ration. The basal ration alone proved to 
be sufficiently low in protein, however, to allow only a very slow gain 
of the chicks. 

The general plan of the experiments was similar to that usually 
followed in determining the availability for plant growth, of nitrogen 
in different nitrogenous manures. This requires the presence of 
optimum amounts of phosphorus, potassium and all nutrients other 
than nitrogen so that the growth shall be influenced only by the 
latter, which should be present in sub-optimum amounts in order 
that its full effect may be exerted. To conduct such an experiment 
properly, it is necessary to prove whether these supposed optimum 
and sub-optimum conditions really exist. This may be done by 
introducing groups to which larger applications are made. 

Similarly, in the experiments with chicks, there were the "check" 
lots which received optimum amounts of ash and of non-nitrogenous 
feed constituents and a minimum amount of nitrogen; lots which 
received sub-optimum additions of nitrogen, the availability of which 
in the protein concentrates was to be determined; lots which received 
still more nitrogen for the purpose of showing whether the next 
smaller amount was really less than that required for most rapid 
growth; and lots to which more of the non-nitrogenous constituents 
were added so that an estimate could be made of the influence 
exerted by the similar constituents in the protein concentrates. 

AU of the experiments, except the first, were conducted in pens 
with concrete or board floors, and the litter consisted of clean, cut, 
rye straw or of sand so that the chicks could secure only such nourish- 
ment as was given to them in the foods. Much care was given to 
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feed the latter so as to avoid loss. Such material as grit, oyster 
shells, charcoal, etc., was supplied. Prior to taking the final live 
weights, the feeds and water were withheld until the crops were 
empty. 

In tabulating the feed consumed and the gain in weight on the 
basis of ten chicks, it was assumed, in case a chick had died, that it 
ate no food on the day of its death, and made no gain during the 
week in which it died. It is evident, therefore, that when there 
were deaths, the difference between the recorded live weight per 
ten chicks on two dates would not be expected necessarily to coin- 
cide with what is recorded as the gain per ten chicks during the 
intervening period. The general conduct of the experiments with 
the chicks were similar Lo that which was described in greater detail 
in Bulletin 145. 

The principal part of the discussion referring to a number of 
experiments will not be given in connection with the individual 
experiments, but will be postponed until after the experimental 
details are recorded. 

EXPERIMENT I. WITH CAPONS. COTTON-SEED MEAL VERSUS BEEF 
SCRAP IN RATIONS HAVING THE SAME NUTRITIVE RATIO 
AND AMOUNT OF NITROGEN; ALSO BEEF SCRAP 
IN A LARGER PROPORTION. 

The White Wyandotte chicks which were eventually used in this 
experiment were allowed free range until July 20, 1909, when they 
were caponized, and confined to yards containing colony coops. 
Three equal lots of eighteen capons each were selected for the experi- 
ment which was begun on July 29 and continued until February 24, 
1910, a period of about seven months. What little green growth 
there was originally in the yards had been destroyed, so that the 
only food which the capons could secure, aside from their rations, 
was that which they dug from the earth, or such insects as may 
have fallen from the shade trees. 



Digitized by 



Google 



Cotton-Seed Meal and Beef Scrap for Chicks. 227 

All lots received the same amount of food per bird throughout the 
eat re experiment, the quantity being regulated by the lot which 
was able to consume only the least amount. 

Throughout the experiment the nutritive ratio* of the food for 
lots I and II was the same, whereas that of the food for lot III was 
narrower. On an equal nitrogen basis, cotton-seed meal was fed 
as the protein concentrate for lot I, in comparison with beef scrap 
as the protein concentrate for lot II: fifty per cent, more of the beef 
scrap was fed to lot III. The nutritive ratios were obtained by 
varying the proportions of wheat bran and com meal used in the 
food for the different lots. 

In adopting the rations for lots I and II an attempt was made 
to have them contain a smaller proportion of protein than was 
necessary for the most rapid growth, so that the increase in the pro- 
portion of protein given to lot III would result in a still more rapid 
development. To the extent that this object was attained, the 
relative effect of the cottonnseed meal and beef scrap fed to lots I 
and II, respectively, could be attributed mainly to the difference in 
the kind of protein, for the non-nitrogenous constituents in the food 
for these lots were more than equivalent to that in the food for lot 
III, and presumably above the proportion required for the capons. 
It is likely therefore that the growth was influenced mainly by the 
nitrogenous rather than by the non-nitrogenous constituents of 
the food. 

The rations fed at different times during the experiment were as 
follows in parts per hundred weight: 

^Nutritive ratio m lued in this bulletin is the ratio of the protein to the sum of the non-nitro- 
Cenoue extract matter, and the fat multiplied by the factor 2.3. The more usual moaning has not 
been adopted because of the doubtful value of the fiber for chicks and the lack of information con- 
cerning Uie digestibility, for poultiy, of the other constituents. 
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Aug. 6 Sept. 9 Oct. 7 Nov. 11 
to to to to 

Lot I. Sept. 8. Oct. 6. Nov. 10. Feb. 24. 

Ration: — 

Cotton-seed meal 15 10 12 9 

Wheat bran 15 15 16 12 

Com meal 12 11 11 8 

Bone ash 8 8 6 4 

Cracked com 42 47 49 60 

Wheat 8 9 6 7 

Approx. nutritive ratio 1:4.5 1:5.2 1:5.2 1:6.0 

Lot II. 

Ration: — 

Beef scrap 12 8 9 6 

Wheat bran 15 15 16 12 

Corn meal 15 13 14 11 

Bone ash 8 8 6 4 

Cracked com 42 47 49 60 

Wheat 8 9 6 7 

Approx. nutritive ratio 1:4.5 1:5.2 1:5.2 1:6.0 

Lot III. 

Ration: — 

Beef scrap 19 11 12 9 

Wheat bran 15 15 16 12 

Com meal 8 10 11 8 

Bone ash 8 8 6 4 

Cracked com 42 47 49 60 

Wheat 8 9 6 7 

Approx. nutritive ratio 1:3.5 1:4.5 1:4.5 1:5.2 

The wheat and cracked com were fed as scratch feed. The 
remainder of the feed was given as a dry mash until the latter part 
of December, after which it was moistened. 

One small capon belonging to lot III died on September 23, and 
on November 18 one crippled capon was removed from each of lots 
I and II, thereby reducing the number in each lot to seventeen. On 
December 23, one capon which was consuming very little food, 
was removed from lot I and to equalize the number of capons, for 
convenience in feeding, the lightest one from each of the other two 
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lots was likewise removed. On January 7, one capon in lot III 
died and the lightest one in each of lots I and II was removed. 

On account of a snow storm on January 20 the capons were closely 
confined to their coops for a time. This resulted in a decreased 
consumption of food and in such muddy pens that on February 3 
the birds were removed to the incubator house. Since they did 
not eat so much food nor make so satisfactory gains there as when in 
the yards, the experiment was terminated on February 24, 1910. 

The live weight, gain in weight, and feed consumed are recorded 
m Table I. 

The rations for lot I, containing cotton-seed meal, and for lot II, 
containing beef scrap, had the same nutritive ratio and the same 
amount of nitrogen: the ration for lot III contained a larger amount 
of beef scrap and had a narrower nutritive ratio. 

Table I. Record per Ten Capons Fed voith Equal Amounts of Feed 

Pounds of feed 
consumed dur- 
Gain in live weight ing the fort- 

(Ibe.) during the night preced- 

Pounds of live fortnight preceding ing the given 

1909. weight. the given dates. dates. 

Lot I. Lot II. LotllL LotL Lot U. Lot lU. Lota I, II uid IH. 

July 29 13.4 13.2 12.9 

Aug. 12 18.3 18.6 18.9 4.9 5.3 6.0 20.1 

Aug.26 21.2 21.1 21.9 2.9 2.6 3.0 19.2 

Sept.9 23.6 23.8 24.3 2.4 2.7 2.4 21.4 

Sept.23 ...26.5 27.1 27.7 2.9 3.3 3.4 25.2 

Oct.7 30.9 31.9 34.4 4.4 4.8 6.7 28.1 

Oct.21 32.9 33.5 36.3 2.0 1.6 0.9 26.5 

Nov. 4 39.5 41.1 41.1 6.6 7.6 5.8 37.5 

Nov. 18 42.6 44.4 44.8 3.1 3.3 3.7 40.0 

Dec. 2 43.2 45.3 48.2 0.6 0.9 3.4 37.1 

Dec. 16 47.4 48.5 52.7 4.2 3.2 4.6 42.2 

Dec. 30 56.6 59.5 61.4 9.2 11.0 8.7 47.6 

1910. 

Jan.l3 61.7 65.5 68.3 5.1 6.0 6.9 54.4 

Jan.27 64.4 68.7 70.7 2.7 3.2 -2.4 48.0 

Feb. 10 66.7 71.7 73.3 2.3 3.0 2.6 50.0 

Feb. 24 67.4 71.9 73.4 0.7 0.2 0.1 36.0 



Total 54.0 58.7 60.5 533.3 
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The following data concerning the fifteen birds in each lot were 
secured at dressing time: 

Lot I. Lot U. Lot IIL 

Live weight of lot, lbs 101.1 107.8 110.1 

Dressed weight of lot, lbs 92.3 97.3 100.4 

Drawn weight of lot, lbs 79.8 83.8 86.9 

Per cent, of drawn to live weight 79 78 79 

Range of individual drawn weights, lbs 4.0-6.3 4.1-6.3 4.8-7.7 

Average of individual drawn weights, lbs . . . 5.0 5.6 5.8 

Range of spleen weights, grams 2.1-9.2 2.3-13.0 1.9-7.8 

Average of spleen weights, grams 4.3 4.6 4.2 

Range of liver weights, grams 34.5-49 35.7-80.2 30.2-55.5 

Average of liver weights, grams 41.9 45.0 43.3 

The final weights of the lots were so nearly alike that a considera- 
tion of the individuals becomes necessary to determine whether 
the small differences were apparent or real. The caponizing was 
done when the cockerels were rather young, and a spoon hook was not 
used in the operation. Consequently there was a large proportion 
of ''slips'' among the birds, and notes on the development of the 
testes, color of head and size of comb were therefore taken. Lots 
I and II contained the same proportion of true capons, and the range 
in individual weights was about the same. There was only about 
five per cent, difference in the drawn weight of the birds whether 
cotton-seed meal or beef scrap furnished the same proportion of a 
given amount of nitrogen in feeds having the same nutritive ratio 
and fed at the same rate. Lot III contained a smaller proportion 
of true capons than the other two lots; and although in case of this 
lot their average weight was greater than that of the "slips," there 
was practically no such difference in case of the other lots. It seems 
fairly reasonable therefore to attribute the four per cent, increase in 
the drawn weight of lot III over that of lot II to the increase in the 
proportion of protein furnished by the larger amount of beef scrap. 

It should be borne in mind that as the capons grew larger they 
did not require food with so large a proportion of protein, and that 
even though com and com meal were used m liberal proportion, 
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with only as much bran as was necessary to prevent the mash from 
being sticky, nevertheless more than half of the required protein 
was supplied in the feeds other than the protein concentrates. Any 
specific effect of these concentrates therefore would have less oppor- 
tunity to show itself than if larger proportions could have been used 
without fulfilling the optimum protein requirement. 

The difference in the rate of growth of lots II and III was so small 
that one hesitates to assert positively that the larger gain in the case 
of lot III was due to the larger amount of protein, resulting from a 
replacement of a portion of the com meal by the extra amount of 
beef scrap, and that protein had been proven thereby to be the 
limiting factor. At all events, when fed in equal amounts during a 
a number of months, the ration containing cottonnseed meal was 
nearly as good as the similar one containing beef scrap, and, so far 
as could be observed, exerted no deleterious effect. 

EXPERIMENT II. COTTON-8EED MEAL VERSUS BEEF SCRAP, EACH 
IN RATIONS HAVING THREE DIFFERENT NUTRITIVE RATIOS. 

This experiment was begun December 3, 1909, with Rhode Island 
Red chicks about six weeks old. Six equal lots of twenty chickens 
each were used in the experiment. At any given time the relation 
of the feeds for these lots differed in the proportion of com meal 
and protein concentrate, which latter consisted of cotton-seed meal 
for lots I, III and V, and of beef scrap for lots II, IV and VI. During 
the first four weeks the approximate nutritive ratio was 1:3 for lots 
I and II, 1 :4 for lots III and IV, and 1 :5 for lots V and VI; and for 
the remaining time the nutritive ratios were all about one unit wider, 
i. e. 1 :4, 1 :5 and 1 :6, respectively. In the case of each lot, fresh 
food in the form of cabbage constituted a definite proportion of the 
rations; it was not included in calculating the nutritive ralios. 

The rations havmg the same nutritive ratio contained equal 
percentages of nitrogen, and also of nitrogen-free extract, plus ether 
extract multiplied by 2:3. Furthermore, practically the same 
percentage of nitrogen was furnished in the cotton-seed meal and in 
the beef scrap. 
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During the first four weeks of the experiment all lots received the 
same amount of food per chick, but because the rations containing 
cotton-seed meal were not eaten so freely as those containing beef 
scrap, all three of the lots receiving the latter were fed uniformly a 
larger amount than was fed to the cotton-seed meal lots. During 
consecutive fortnights they consumed 40, 25, 25, 10, 15, 15 and 
20 per cent, more than the cotton-seed meal lots would consume, and 
consequently made larger gains. The live weights of the chicks were 
taken weekly and the amoimt of feed was evened up once in two weeks. 

In weight parts per thousand of the entire feed, exclusive of the 
cabbage, the following was the basal ration common to all lots: 



Cracked wheat . 
Cracked com . . 
Ground clover . 
Wheat bran . . . 
Bone ash 



692 788 

In addition to this basal ration the following parts per thousand 
were received by the different lots : 

From Dec. 3 to Dec. 30, 1909. 
Lot. I. II. III. IV. v. VI. 

Com meal 89 103 162 185 220 

Cotton-seed meal 308 205 123 

Beef scrap 219 146 88 



From Dee. 3 

to Dec. 30, 

1909. 


From Dec. 31, 

1909 to April 

8. 1910. 


136 


165 


363 


435 


69 


47 


69 


94 


55 


47 



308 308 308 308 308 308 

From Dec. 31, 1909 to April 8, 1910. 
Lot. I. II. III. IV. V. VI. 

Com meal 61 71 112 127 152 

Cotton-seed meal 212 141 85 

Beef scrap 151 100 60 



212 212 212 212 212 212 
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During the first four weeks of the experiment the amounts of 
scratch feed (the cracked com and wheat) and mash were equal; 
subsequently, fifty per cent, more scratch feed than mash was fed. 

The following analyses of the above-mentioned feeds are given 
in full since they represent in a general way the nature of the feeds 
used in the experiments as a whole, although of course different lots 
were fed involving other determinations especially of nitrogen. 

Percentage composition of feeds used in Experiment JL 

Cotton- Boof 
Cracked Cittcked Ground Wheat Com seed scrap, 

wheat. com. clover. bran. meal. meal. 

Water 12.16 11.77 8.25 10.00 11.67 7.17 7.69 

Ash 1.76 1.14 6.87 8.06 1.49 6.02 21.14 

Fiber 2.23 0.99 24.41 9.84 1.97 10.72 0.00 

Protein 12.25 8.44 13.31 15.00 8.63 42.44 66.50 

Ether-extract (fat) 1.97 3.34 2.35 4.69 4.24 9.61 13.86 

Non-nitrogenous extract 

matter 69.63 74.32 44.81 52.41 72.00 24.14 0.81 



100.00 100.00 100.00 100.00 100.00 100.00 100.00 

In Tables II and III may be found the record of the feed con- 
smned and of the growth of the chicks. 

Table II. Total feedy including cabbage in avT'dry condition^ consumed during the 

fortnight preceding the successive dales; and the live xoeighl of chicks -m the 

given dateSj aU given in pounds per ten chicks. 





Weight of air-dry 
feed per fortnight. 


Live weight of chicks. 


1909. 


Lots I. 
Ill or IV. 


Lots II. 
IVorVL 


Lot I. 

(Narrow- 
est ra- 
tion.) 


Lot IIL 

(Medium 
ration.) 


LotV. 

; (Widest 
ration.) 


LotU. Lot IV. Lot VI. 

(Narrow- (Medium (Widest 
estra- ration.) ration.) 
tion.) 


Dec. 3... 


, 




4.06 


3.95 


4.28 


4.13 


4.11 


4.12 


Dec. 17... 


.. 15.78 


15.78 


5.20 


5.15 


5.60 


5.60 


5.58 


5.71 


Dcc.31 ... 


. 20.64 


20.64 


6.72 


7.00 


7.50 


7.67 


7.36 


7.19 


1910. 


















Jan. 14... 


. 25.64 


35.90 


8.83 


9.00 


9.66 


12.06 


11.53 


11.31 


Jan .28. . . 


. 30.86 


38.57 


11.75 


12.15 


12.88 


16.18 


15.61 


14.95 


Feb. 11 . . 


.. 36.85 


46.07 


15.50 


16.15 


16.90 


21.50 


21.50 


19.40 


Feb. 25.. 


.. 39.12 


43.11 


17.78 


18.38 


19.28 


23.71 


23.38 


21.97 


Mar. 11.. 


.. 50.55 


58.13 


21.93 


22.80 


23.25 


29.70 


28.41 


28.13 


Mar. 25.. 


.. 52.04 


59.84 


23.86 


25.65 


26.01 


31.86 


33.07 


31.40 


Apr. 8 


.. 55.00 


66.00 


26.74 


29.06 


29.21 


35.31 


36.70 


36.00 


Total. . . 


.. 326.48 384.04 

9 
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Table III. Gain in live weight in pounds per ten chicks during the fortnight 
preceding the successive dates. 

On cotton-aeed meal rations. On beef scrap rations. 

Lot I. Lot in. LotV. LotlL Lot IV. Lot VL 

(Narrow- (Medium (Widest (Narrow- (Medium (Widest 

1909. est ration.) ration.) ration.) est ration.) ration.) ration.) 

Dec. 17 1.14 1.20 1.42 1.47 1.47 1.59 

Dec. 31 1.52 1.95 1.90 2.07 1.78 1.48 

1910. 

Jan. 14 2.11 2.00 2.16 4.39 4.17 4.12 

Jan. 28 2.92 3.15 3.22 4.12 4.08 3.64 

Feb. 11 3.75 4.00 4.12 5.32 5.89 4.45 

Feb. 25 2.28 2.23 3.28 2.21 1.88 2.57 

Mar. 11 4.15 4.42 3.97 5.99 5.03 6.16 

Mar.25 2.93 2.85 2.76 2.16 4.56 3.27 

Apr. 8 2.88 3.41 3.20 3.45 3.63 4.60 

Total 24.68 25.21 26.03 31.18 32.49 31.88 

During the first four weeks of the experiment all lots received the 
same amount of food, and the nutritive ratios of the different rations 
were narrower than they were later. It is of interest to notice in 
Table II that at the termination of this period, December 31, the 
live weights of the cotton-seed meal lots increased with the widening 
of the nutritive ratio, whereas with the beef scrap lots the reverse 
was true. 

After the first month of the experiment the rations were changed 
so that the nutritive ratio in each case was wider than before. 
Furthermore, inasmuch as the beef scrap lots seemed ready to 
consume a larger amount of feed than the cotton-seed lots, it was 
also decided to allow the beef scrap lots to eat as much as was con- 
sumed by that one of them which ate its feed least readily. As a 
result of this they consiuned more feed and made faster gains than 
did the cotton-seed lots; the greatest gains in case of the beef scrap 
lots, for the second month also, were made by the chicks receiving 
feed with the narrowest ratio; but, after that, the gains were just 
as likely to be greatest in the case of one of the other lots. 
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Lot I, which received the largest proportion of cotton-seed meal, 
usually consumed their feed less readily than the other cotton-seed 
meal lots, and weighed less at the end of the experiment. It may be 
observed likewise that toward the end of the experiment the similar 
ration with beef scrap resulted in slightly less live weight than the 
other lots. It happened that the ratio of cockerels to pullets 
proved to be less in these two lots (I and II) than in the others, the 
sexes being about equally divided; whereas in the other lots there 
were more than twice as many cockerels as pullets. Not knowing 
whether, with a ^ven amount of food, cockerels or pullets make the 
faster growth, it is not possible to make a strict comparison of the 
lots having food of the narrowest nutritive ratio, with the others. 
If pullets make less growth than cockerels on a given amount of 
food, then the apparent slight inferiority of the two lots in question 
may be attributable to this cause. 

The experiment shows on the whole that there was no advantage 
in the partial replacement of the com meal in the rations having the 
widest nutritive ratio, with either protein concentrate; and also that 
there was practically a sufficient amount of protein in any of the 
rations to supply the needs of the chicks. 

experiment III. THE EFFECT OF FEEDING COTTON-SEED MEAL 
IN ADDITION TO A WELL-BALANCED RATION. 

This experiment was begun with two lots of twenty White 
Plymouth Rock chicks each, when the latter were three weeks old. 

The object was to ascertain whether cotton-seed meal given as an 
extra amoimt of feed to a well-balanced ration would be beneficial 
or toxic to chicks. Aside from the cotton-seed meal which was fed 
to lot II, both lots consumed the same amount of total feed composed 
of the following: 
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Mash. Per eent. 

Clover meal 14 

Wheat bran 14 

Com meal 33 

Beef scrap 29 

Bone ash 5 

Ground limestone 5 

100 
Scratch Fksd. 

Wheat 27 

Cracked com 73 



100 

At first the same amount of scratch feed and basal mash was fed 
but since the chicks seemed to eat the mash the more readily, its 
proportion was increased until twice as much of it was given as of 
the scratch feed. Later, however, when the chicks would take 
more of the scratch feed the proportion fed at first was again adopted. 

At first the cotton-seed meal given to lot II was about 7 per cent, 
of the rest of the feed. Not until the ninth week did it exceed 20 
per cent., while at the close it constituted as much as 30 per cent. 
It may be seen by reference to the weekly live weights given in Table 
IV that the cotton-seed meal had practically no effect during the first 
half of the experiment; but as the proportion was increased, lot II, 
which was fed ad libitum generally gained more than lot I. The 
chicks in lot I, which received about a fifth less food toward the end 
of the experiment, were of course underfed at that time. 

The mortality was rather high, but about equal in both lots. Post 
mortem examinations made by Dr. P. B. Hadley of the station 
failed to reveal any differences probably attributable to the cotton- 
seed meal. It is very likely only a peculiar coincidence that an 
examination of seven chicks which received no cotton-seed meal 
revealed only one which was with certainty free from coccidiosis. 
whereas seven of the eight examined from the cotton-seed meal lot 
were unaffected. 
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The experiment furnished no evidence of toxicity due to cotton- 
seed meal. If there was any ill effect, it was masked by the advan- 
tages of adding the extra feed to a deficient amount, and thereby 
increasing the growth of the chicks. 

Table IY. Record in pounds per ten ckUke, of lot I {tvithout coUaU'Seed meal) 
and lot II (wilk cottonseed meal in additional to the feed of lot I). 

During the week preceding the 
succeesive dates. 



Datk. Live weight. 

1910. Lot L Lot IL 

Sept. 16 2.01 2,04 

Sept. 23 2.20 2.08 

Sept. 30 2.73 2,54 

Oct. 7 3.00 3.06 

Oct. 14 3.92 3.75 

Oct. 21 5.04 4.83 

Oct. 28.., 6.25 6.30 

Nov. 4 7.08 7.45 

Nov. 11 8.58 8.93 

Nov. 18 10.01 10.63 

Nov. 25 11.19 12.41 

Dec. 2 12.25 14.40 

Dec. 9 14.19 17.00 

Dec. 16 15.96 18.69 

Total 



Gain in live weight. 
Lot L Lot n. 


Cotton- 
seed meal 
for only 
lot II. 


Other feed 

for lots I 

and II 

alike. 


.36 


.08 


.12 


1.67 


.49 


.43 


.17 


2.06 


.25 


.72 


.22 


2.20 


.83 


.64 


.36 


2.77 


1.06 


1.08 


.50 


3.48 


1.21 


1.47 


.53 


4.37 


.83 


1.15 


.81 


5.91 


1.49 


1.48 


.75 


5.25 


1.45 


1.70 


1.33 


5.83 


1.18 


1.78 


1.59 


6.97 


1.06 


1.99 


1.73 


6.04 


1.96 


1.75 


2.38 


8.00 


1.78 


1.69 


1.79 


5.99 


13.95 


15.96 


12.28 


60.54 



EXFEBIMENT IV. THE EFFECT OF SUPPLEMENTING A UNIFORM BASAL 
RATION WITH PROTEIN^FRBE FEED AND WITH PROTEIN IN 
BEEF SCRAP AND IN COTTON-SEED MEAL. 

Barred Rock chicks about four weeks old were started in the 
experiment October 15, 1910. There were six lots of eighteen chicks 
eSLch. All lots received the same amount of a basal ration which 
was very deficient in protein. Duplicate lots I and V were given no 
other feed than the basal ration; lot VI received in addition to the 
above, non-nitrogenous feed composed of starch, sugar and cotton- 
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seed oil, in order to show whether the chicks could possibly make 
use of such ingredients in addition to the liberal proportions con- 
tained in the basal ration. Lots II and III received the same moder- 
ate amount of nitrogen in addition to the basal ration, lot II in cotton- 
seed meal, and lot III in beef scrap. Lot IV received a larger addition 
of protein in beef scrap, the attempt being made to regula'^e the amount 
so that this lot would make the most rapid gains and show thereby 
that lots II and III were receiving a sub-optimum an^ount of protein, 
or less than was required for the greatest rate of increase in live 
weight. 

The following was the basal ration in weight parts: 

Basal Mash, Basal Scratch Feed. 

Rolled oats 10 Cracked com 90 

Com meal 195 Cracked rice 40 

Cotton-seed meal 5 Wheat ^20 

Linseed meal 5 

Beef scrap 5 150 

Bone meal 20 

Wheat bran 20 

Ground clover 20 

Calcium carbonate or ground 

limestone 10 

Quartz sand 10 

Total 300 

At the beginning of the experiment one-half as much scratch feed 
as basal mash was given; but this proportion was gradually increased 
imtil, in the sixth and successive nine weeks, equal amoimts of scratch 
feed and basal mash were fed per an equal number of chicks in each 
lot. 

Lot II received during the three successive five-week periods an 
addition of cotton-seed meal equal to 21, 40 and 50 per cent, respect- 
ively of the basal mash; and lot III received, similarly, additions 

^Replaced by rice during the last five weeks. 
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of beef scrap equal to 13.5, 31 and 39 per cent, of the basal mash. 
Eqiial amounts of nitrogen were given in the two concentrates, even 
though the proportion of the concentrates to the mash varied. Lot 
IV received during the first five weeks an addition of beef scrap 
equal to 25 per cent, of the basal mash, and during the remainder 
of the experiment an addition of 50 per cent. Lot VI received 
during the first five weeks an addition of a mixture of nine parts of 
starch and one part of cotton-seed oil, equal to 13.5 per cent, of basal 
mash; and during the remainder of the experiment it received an 
addition of 31 per cent, of a mixture composed of five parts of starch, 
four parts of sugar and one part of cotton-seed oil. 

In addition to the uniform amount of the basal ration, previously 
mentioned, all lots likewise received, as a succulent feed, a constant 
proportion of mangel wurzels. 

Usually one of the lots receiving only the basal ration, or the one 
receiving protein-free feed in addition, ate its feed less readily than 
the others and thus determined the amount of basal ration which 
was given to the different lots. 

At the conclusion of the experiment each lot consisted of the 
following: 

Lot. I. II. III. IV. V. IV. 

Cockerels 10 8 7 9 6 6 

Pullets 4 5 6 7 8 7 

Total 14 13 12 16 14 12 

Per cent, of Cockerels 71 62 58 56 46 42 

The live weight, gain in weight, and amount of feed consumed for 
each week may be found in Tables V, VI and VII. 
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Cotton, 
seed 
meal. 


Beef 
scrap. 


Lai^er 
Amount 
of beef 
scrap. 


None. 


Protein- 
free 
feed. 


2.05 


2.03 


2.07 


2.04 


2.07 


2.42 


2.43 


2.59 


2.24 


2.31 


3.04 


2.95 


3.24 


2.58 


2.73 


3.54 


3.51 


3.89 


2.66 


3.11 


4.00 


4.06 


4.58 


3.22 


3.23 


4.96 


4.86 


5.53 


3.75 


3.79 


5.58 


5.64 


6.56 


4.02 


4.11 


6.65 


6.80 


7.45 


4.47 


4.65 


7.73 


8.00 


8.76 


6.23 


5.48 


8.46 


8.54 


9.65 


5.50 


6.01 


9.59 


9.61 


11.05 


6.18 


6.53 


10.64 


10.57 


12.19 


6.81 


7.00 


11.71 


12.08 


13.83 


7.40 


7.51 


12.51 


13.15 


15.09 


7.76 


7.71 


13.69 


14.77 


16.54 


8.56 


8.86 


14.90 


16.31 


18.83 


9.24 


9.15 
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Table V. Live Weight in pounds per ten chicks. 
Lot. L IL in. IV. V. VI. 

Kind of feed in ezceas of the 

basal ration. None. 

1910. 

Oct. 15 2.06 

Oct. 22 2.42 

Oct. 29 2.74 

Nov. 5 3.18 

Nov. 12 3.48 

Nov. 19 3.95 

Nov. 26 4.41 

Dec. 3 4.91 

Dec. 10 5.36 

Dec. 17 5.98 

Dec. 24 6.89 

Dec. 31 7.14 

1911. 

Jan. 7 7.51 

Jan. 14 7.73 

Jan. 21 8.63 

Jan. 28 9.36 

Table VI. Gain in live weight (pounds) per ten chicks during the week preceding 

the successive dates. 

Lot I. II. III. IV. V. VI. 

Larger 
Cotton- amount Protein- 

Kind of feed in excess of the seed Beef of beef free 

basal ration. None. meal. scrap. scrap. None. feed. 

1910. 

Oct. 22 36 .36 .32 .53 .19 .24 

Oct. 29 32 .53 .48 .57 .34 .42 

Nov. 5 45 .52 .58 .66 .10 .40 

Nov. 12 30 .46 .61 .69 .21 .12 

Nov. 19 47 .80 .80 .95 .53 .44 

Nov. 26 .20 .61 .77 1.03 .27 .31 

Dec. 3 50 .66 .64 .89 .45 .55 

Dec. 10 39 1.08 .84 1.31 .76 .61 

Dec. 17 43 .73 .54 .89 .27 .53 

Dec. 24 76 1.13 1.07 1.39 .69 .53 

Dec. 31 25 1.05 1.20 1.14 .63 .27 

1911. 

Jan. 7 41 1.08 1.52 1.64 .54 .51 

Jan. 14 21 .79 1.07 1.26 .36 .20 

Jan. 21 90 1.17 1.62 1.45 .77 .43 

Jan. 28 73 1.21 1.54 2.29 .69 .29 

Total 6.68 12.18 13.60 16.69 6.80 5.85 
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Table VII. Air-dry feed (including also the mangel wwrzeU calculated to thai 

condition) coneumed per ten chicks during the week preceding 

the successive dates, 

landV 

Lot each. II. III. IV. VI. 

Larger 
Kind of feed in ezowB of baaal ration. Cotton- amount Protein- 
seed Beef of beef free 
1910. None. meal. scrap. scrap. leed. 

Oct. 22 1.66 1.88 1.81 1.95 1.81 

Oct. 29 2.25 2.60 2.40 2,57 2.42 

Nov. 6 2.43 2.61 2.52 2.68 2.61 

Nov. 12 2.76 3.07 2.97 3.14 2.97 

Nov. 19 2.61 2.89 2.81 3.01 2.80 

Nov. 26 2.98 3.65 3.42 3.66 3.42 

Dec. 3 3.24 3.88 3.76 4.06 3.74 

Dec. 10 3.79 4.64 4.36 4.73 4.37 

Dec. 17 3.67 4.38 4.22 4.68 4.31 

Dec. 24 4.33 6.57 6.36 6.41 5.04 

Dec. 31 4.65 6.45 6.40 6.66 6.26 

1911. 

Jan. 7 4.60 6.74 6.49 6.75 6.31 

Jan. 14 4.63 6.78 6.82 6.81 6.34 

Jan. 21 6.11 6.38 6.11 6.37 6.89 

Jan. 28 4.43 5.62 5.27 6.61 5.09 

Total 53.04 63.74 61.71 64.88 60.39 

Lots I and V which received only the basal ration of course made 
small gains. Lot VI, although it was given 14 per cent, more 
feed than lots I and V, in the form of starch, granulated sugar and 
cotton-seed oil, failed to make any greater growth, because there was 
no protein in the additional feed; lot III, on the other hand, which 
was fed a similar amount of feed in addition to the basal ration, 
made about 70 per cent, more growth, due to the fact that the added 
beef scrap contained about 62 per cent, of protein; and lot II, which 
was given the same amount of additional nitrogen, but in cotton- 
seed meal, weighed about 60 per cent, more at the end of the experi- 
ment than those chicks which received only the protein contained 
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in the bajwd ration. Lot IV was given more protein in beef scrap 
than any other lot and weighed about twice as much as those which 
received only the basal ration. 

It is believed that the experiment was so conducted that the 
additional growth of lots II and III was nearly all attributable to the 
given amount of protein in the cotton-seed meal and beef scrap, 
respectively, although it is possible that the other ingredients of the 
concentrates may have been of some use to these lots on accoimt of 
the fact that the chicks grew faster and became larger than those 
receiving only the basal ration. Although the non-nitrogenous 
ingredients added to the basal ration scarcely affected the growth 
of the chicks, this cannot be taken as positive proof that in case of 
the larger chicksi the similar ingredients of the added concentrates 
were without effect. 

At the conclusion of the feeding experiment the chicks were bled 
and, after the removal of all the feathers, were weighed (dressed 
weight). They were then prepared as usual for cooking, the head and 
l^s being discarded and the giblets retained, and were weighed 
again (weight prepared for cooking). They were cooked by placing 
each lot in a covered vessel, to which a small amount of water was 
added, and subjecting the whole to a thorough cooking in a steam 
box. Care was taken to subject the different lots to the same treat- 
ment, especially lots II and III, which were cooked at the same 
time. The meat was kept warm while it was removed from the 
bones as thoroughly as possible by hand. The amount of soup and 
fat sticking to the bones was, of course, somewhat indefinite, but it 
is believed that more of the edible portions were removed than would 
usually be the case during human consumption. The soup was con- 
centrated and mixed with the minced meat, which likewise included 
not only the gizzards, hearts and livers, but also the skin; the mixture 
will be referred to as the edible part, or meat and soup. 

Water, nitrogen, and ether-extract or fat were determined in 
the bones, as well as in the edible part. The data concerning the 
dressed chicks may be found in Table VIII. 
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Table Vlll. NUrogen, fat and aah in steamed Mckene, 

(The weights are given in grams per chick.) 

Lot I. II. III. IV. V. VI. 

Laiser 
Cotton- amount Protein- 
Kind of feed in excess of the basal ration. seed Beef of beef free 

None. meal, scrap, scrap. None. feed. 

Weight, bled and picked 409 689 693 773 409 422 

Weight, prepared for cooking 262 438 489 543 253 261 

Per cent, of dry matter in chicks pre* 

pared for cooking 34.68 32.48 33.74 33.59 35.34 37.03 

Weight, dry cooked meat and soap 69.2 107.1124.4 137.6 67.7 76.2 

Weight, dry cooked bones 21.3 35.1 40.6 44.7 21.9 20.4 

Weight, dry cooked total 90.5 142.1165.0 182.3 89.6 96.6 

Per cent, of bones in dry cooked part. ... 24 25 25 25 24 21 

Weight of Nitrogen in cooked meat and 

soup 6.74 11.62 15.23 15.18 7.09 6.74 

Weight of Nitrogen in cooked bones 1.09 2.11 1.98 2.46 1.18 1.05 

Weight of Nitrogen in cooked toUl 7.83 13.73 17.20 17.64 8.26 7.79 

Weight of Fat in cooked meat and soup. 24.43 28.80 35.48 40.51 21.57 31.87 

Weight of Fat in cooked bones 4.76 6.67 7.51 7.76 4.91 5.22 

Weight of Fat in cooked total 29.19 35.48 42.99 48.27 26.47 37.09 

Weight of Crude Ash in cooked meat 

and soup 2.47 3.96 4.53 4.52 2.64 2.42 

Weight of Crude Ash in cooked bones... 8.24 13.33 16.14 18.67 8.35 7.49 

Weight of Crude Ash in cooked total.... 10.71 17.29 20.67 23.19 10.98 9.91 

Per cent, of Nitrogen in dry cooked meat 

and soup 9.74 10.86 12.25 11.04 10.47 8.84 

Per cent, of Nitrogen in dry cooked 

bones 5.07 6.01 4.86 5.50 5.37 5.12 

Per cent, of Nitrogen in dry cooked 

total 8.65 9.66 10.43 9.68 9.23 8.06 

Per cent, of Fat in dry cooked meat and 

soup 35.30 26.90 28.53 29.45 31.88 41,80 

Per cent, of Fat in dry cooked bones.... 22.19 19.04 18.48 17.36 22.41 25.57 
Per cent, of Fat in dry cooked total 32.27 24.96 26.05 26.49 29.57 38.37 

Per cent, of Crude Ash in dry cooked 

meat and soup 3.57 3.70 3.64 3.29 3.90 3.17 

Per cent, of Crude Ash in dry cooked 

bones 38.44 38.03 39.70 41.78 38.13 36.71 

Per cent, of Crude Ash in dry cooked 

totel 11.85 12.17 12.53 12.73 12.27 10.25 



Digitized by 



Google 



244 Bulletin No. 156.— 1914. 

It may be seen that although the dressed weight of the cotton- 
seed lot was about the same as that of the beef-scrap lot receiving the 
same amount of nitrogen, the shrinkage in preparing for cooking was 
more in case of the former; and, furthermore, the percentage of 
nitrogen in the cooked material was less. Consequently, in this 
experiment, considerably less of the nitrogen was recovered in case 
of the cottouHseed meal than in case of the beef scrap, although this 
was not true in subsequent experiments. Further discussion con- 
cerning the chemical data will be taken up on later pages. 

EXFERIBCBNT V. A COMPARISON OF THE EFFECT OF ADDING TO A 

UNIFORM BASAL RATION, NITROGEN-FREE FEED, AN EQUAL 

AMOUNT OF NITROGBN IN COTTON-SEED BCEAL AND 

IN BEEF SCRAP, AND A LARGER AMOUNT 

OF THE LATTER. 

This experiment was begun March 13, 1911, with four lots, each 
composed of twenty White Wyandotte chicks three weeks old. 

All received the same amount of mangel wurzels and of the follow- 
ing basal ration in parts by weight: 

Basal Mash. 

Ck)rn meal 195 Limestone 10 

Ground alfalfa 20 Quartz sand 10 

Wheat bran 20 Cotton-seed meal 5 

Bone meal 10 Linseed meal 5 

Beef scrap 5 

Total,— 300. 

Basal Scratch Feed, 

Cracked com 180 

Cracked rice 120 



300 
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In addition to the unifonn feed, lot I received a mixture of nitro- 
gen free feeds composed of 5 weight parts of com starch, 4 of sugar, 
and 1 of mutton fat, in amount equal to 34 per cent, of the basal 
mash; lot II received beef scrap equal to 30 per cent, of the basal 
mash; lot III received cotton-seed meal equal to 38 per cent, of the 
basal mash and furnishing the same amount of nitrogen as the 
additional amount of beef scrap fed to lot II; lot IV received an 
extra amoimt of beef scrap, equal to 38 per cent, of the basal mash. 

It was expected that the basal ration would furnish as large an 
amount of non-nitrogenous ingredients as the chicks could make use 
of, as was the case in the last experiment, in which practically the 
same basal ration was adopted; nevertheless, an additional amount 
was given to lot I, with the intention of providing at least as much 
of the non-nitrogenous constituents as was supplied in the beef 
scrap and cotton-seed meal which were added to lots II and III, 
respectively. 

The extra amount of beef scrap was added to lot IV to show that 
maximum growth was not attained by lots II and III, and that 
opportunity was thus afiforded for the medium amount of nitrogen 
supplied to lots II and III, to exert its full effect. 

At the conclusion of the experiment the number of chicks remain- 
ing, and their range in dressed weight were as follows: 

Lot I, fifteen chicks, between .63 and 1.06 pounds. 
Lot II, twelve chicks, between .69 and 1.83 pounds. 
Lot III, ten chicks, between 1.36 and 1.92 pounds. 
Lot. IV, eleven chicks, between .87 and 2.25 pounds. 

There were more pullets than cockerels, but fortunately the 
proportion was about the same in all lots. The records concerning 
live weight, gain in weight and feed consumed are included in Tables 
IX, X and XI. 

Lots I, II and III were steamed and analyzed in a manner similar 
to that described in the preceding experiment. The results so 
secured may be found in Table XII. 
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II. 

Beef 
■crap. 


III. 

Cotton- 
aeed 
meal. 


IV. 

Laiser 

amount 

of beef 

■crap. 


1.36 


1.77 


1.44 


1.96 


2.22 


2.10 


2.73 


2.79 


2.75 


3.16 


3.15 


3.22 


3.67 


3.62 


3.74 


4.34 


4.17 


4.29 


4.35 


4.23 


5.14 


5.58 


5.23 


6.45 


5.93 


6.79 


7.25 


6.86 


6.75 


. 8.32 


8.32 


8.29 


9.86 


9.46 


10.12 


10.86 


11.28 


11.94 


13.54 


12.27 


13.97 


15.00 


13.26 


15.80 


16.41 


15.10 


17.70 


19.13 



Table IX. — Live weight in pounde per ten chicks. 

Lot I. 

Protein- 
free 
Kind of feed in exoeM of basal ration. feed. 

1911. 

Mar. 13 1.66 

Mar. 20 1.96 

Mar. 27 2.36 

AprU 3 2.63 

April 10 3.08 

April 17 3.33 

April 24 3.49 

May 1 3.94 

May 8 4.40 

May 15 4.80 

May 22 5.58 

May 29 6.00 

June 5 7.02 

June 12 7.80 

June 19 8.63 

June 26 9.21 

Table X. — Gain in live weight in pounds per ten chicks during the week preceding 

the successive dates. 

Lot. I. 

Protein- 
free 
Kind of feed in exoeoa of baaal ration. feed. 

1911. 

Mar. 20 31 

Mar. 27 40 

April 3 27 

AprillO 46 

April 17 49 

April 24 23 

May 1 58 

May 8 29 

May 15 .40 

May 22 78 

May 29 42 

June 5 1.02 

June 12 .78 

June 19 .83 

June 26 .57 

Total 7.83 14.82 15.82 17.67 



II. 


III. 


IV. 


Beef 
■orap. 


Cotton- 
seed 


Laner 

amount 

of beef 

•erap. 


.61 


.46 


.66 


.72 


.57 


.65 


.42 


.36 


.47 


.52 


.44 


.45 


1.20 


1.06 


.79 


.15 


(-.15) 


.63 


1.27 


1.00 


1.17 


.76 


.62 


.88 


.93 


.96 


1.06 


1.46 


1.54 


1.55 


1.14 


1.39 


1.00 


1.82 


1.82 


2.68 


.99 


2.03 


1.45 


.99 


1.83 


1.41 


1.84 


1.90 


2.72 
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Table XI. — Air-Dry feed (including also the mangel wurzeU calcidated to that con- 
ditian) consumed in pounds per ten chicks during the week 
preceding the successive dates. 



Lot 



I. 



Protein- 
free 

Knd of feed in ezcees of ba«al ration. feed. 

1911. 

Mar. 20 1.67 

Mar. 27 2.75 

April 3 2.36 

April 10 2.62 

April 17 3.56 

April 24 2.23 

May 1 2.78 

May 8 4.29 

May 15 4.73 

May 22 4.73 

May 29 4.73 

June 5 7.07 

June 12 5.51 

June 19 6.29 

June 26 7.07 

Total 62.39 



III. 



IV. 



Beef 
scrap. 


Cotton- 
seed 
meal. 


Laiver 
amount 
of beef 
scrap. 


1.65 


1.70 


1.70 


2.70 


2.80 


2.80 


2.32 


2.40 


2.40 


2.58 


2.68 


2.68 


3.52 


3.64 


3.64 


2.19 


2.33 


2.33 


2.72 


2.94 


2.94 


4.18 


4.33 


4.33 


4.64 


4.59 


4.59 


4.64 


4.59 


4.59 


4.64 . 


4.62 


4.62 


6.94 


7.22 


7.22 


5.41 


5.60 


5.60 


6.17 


6.34 


6.34 


6.94 


7.22 


7.22 



61.24 



63.00 



63.00 
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Table XII. Nitrogen, fat and ash in steamed chicks. 

(The weights are given in grams per chick.) 

Ut. L II. III. IV. 

Larcer 

Protein- Cotton- amount 

free Beef seed of beef 

Snd of feed in ezoeae of basal ration. feed. scrap. meal. scrap. 

Weight, bled and picked 379 604 713 737 

Weight, prepared for cooking 272 484 628 554 

Per cent, of dry matter in chicks prepared for 

cooking 33.34 34.78 34.11 

Weight of dry cooked meat and soup 64.5 126.3 139.5 

Weight of dry cooked bones 26.6 41.9 40.3 

Weight of dry cooked total 91.1 168.2 179.8 

Per cent, of bones in cooked part, dry 29 25 22 

Weight of Nitrogen in cooked meat and soup. 5 . 87 1 1 . 26 13 . 28 

Weight of Nitrogen in cooked bones 1 .53 2.43 2.29 

Weight of Nitrogen in cooked total 7.41 13.68 15.57 

Weight of Fat in cooked meat and soup 24.08 51.82 55.17 

Weight of Fat in cooked bones 7.87 10.06 9.64 

Weight of Fat in cooked total 31.95 61 .89 64.81 

Weight of Crude Ash in cooked meat and 

soup 2.05 4.21 4,76 

Weight of Crude Ash in cooked bones 8.45 14.52 15.27 

Weight of Crude Ash in cooked total 10.49 18.72 20.04 

Per cent, of Nitrogen in dry cooked meat and 

soup 9.10 8.91 9.52 

Per cent, of Nitrogen in dry cooked bones. . . 5.77 5.79 5.68 

Per coit. of Nitrogen in dry cooked total 8.13 8.13 8.66 

Per cent, of Fat in dry cooked meat and soup. 37.33 41.03 39.54 

Per cent, of Fat in dry cooked bones 29.58 24.02 23.90 

Per cent, of Fat in dry cooked total 35.07 36.79 36.03 

Per cent, of Crude Ash in dry cooked meat 

and soup 2.05 4.21 4.76 

Per cent, of Crude Ash in dry cooked bones. . 31.74 34.65 37.88 

Per cent, of Crude Ash in dry cooked toUl... 11.52 11.13 11.14 
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The average chick of lot I, which received no nitrogen in addition 
to the 42.3 grams in the basal ration, contained in the cooked portion 
7.4 grams of nitrogen. As the result of the addition of 35.4 grams 
of nitrogen to the feed the amount in the average cooked chick was 
increased 6.3 grams when the beef scrap was added, and 8.2 grams 
when cotton-seed meal was the addition. By reference to the 
preceding tables it may be seen that the chickens in the cotton-seed 
meal lot were heavier than those in the corresponding beef scrap 
lot (II) at the beginning of the experiment and that their superior 
gidns were confined to the last few weeks. 

experiment VI. the BrPECT OP REVERSING COTTON-SEED MEAL 
AND BEEP SCRAP WHEN ADDED TO A UNIFORM BASAL RATION. 

The White Wyandotte chicks in this experiment were hatched 
from eggs purchased later from the same source as those used in 
the preceding experiment, and the chicks were the same age when 
the experiment was begun. The basal feeds in the two experiments 
were likewise the same. Twenty-one chicks were selected for each 
lot, V and VI. During the first fifteen weeks, lot V received cotton- 
seed meal in addition to the basal ration, as did lot III of the preceding 
experiment; and lot VI received an equal amount of nitrogen in 
beef scrap, the same as lot II of the preceding experiment; during 
the sixteenth week, the protein concentrates were gradually reversed, 
and throughout the remainder of the experiment lot V received the 
beef scrap, and lot VI the cotton-seed meal. About a third of each 
lot proved to be cockerels. The remaining data concerning the 
experiment are given in Table XIII. 
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Table XIII. — The record in pounds per ten chicks fed vrith equal amounls of a 

basal radon to which an equal amount of nitrogen in cotton-seed meal 

and beef scrap uxis added. 

Qain in live weight Aii^iried feed* oon- 

during the week pre- aumed during the 

ceding the suooesnTe week preceding the 
Live weight. dates. ■uooeanve dates. 

LotV. Lot VI. LotV. LotVL LotV. Lot VL 

1911. (C.S.Meal) (Beef Scrap) (CS.Meal) (Beef Scrap) (C.S.Meal) (Beef Scrap) 

Aprill2 1.92 1.95 

April 19 2.25 2.53 .36 .58 1.80 1.74 

AprU26 2.67 2.95 .41 .42 2.17 2.09 

May 3 3.05 3.43 .38 .48 1.80 1.74 

May 10 3.43 3.77 .38 .34 2.17 2.09 

May 17 4.17 4.58 .74 .80 2.89 2.79 

May 24 4.87 5.18 .70 .60 3.46 3.34 

May 31 6.57 6.60 .70 1.18 4.02 3.87 

June 7 6.55 7.47 .98 .87 5.16 6.01 

June 14 7.06 8.46 .50 .98 4.59 4.44 

June 21 8.19 9.42 1.14 .96 5.16 4.99 

June 28 8.87 10 38 68 .98 5.16 4.99 

July 5 10.32 12.09 1.45 1.71 6.29 6.07 

July 12 13.10 15.12 1.94 2.65 7.05 6.82 

July 19 14.25 15.54 1.16 .42 7.05 6.82 

July 26 15.60 16.91 1.34 1.37 7.05 6.82 

Aug. 2 16.76 17.85 1.16 .94 6.37 6.46 

(Beef Scrap) (C.S.Moa!) (Beef Scrap) (C.S.Meal) (Beef Scrap) (C.S.Meal) 

Aug. 9 19.37 19.84 2.24 1.99 8.38 8.67 

Aug. 16 21.81 22.59 2.44 2.75 10.46 10,77 

Aug. 23 24.82 25.33 3.01 2.75* 10.46 10.78 

Aug. 30 27.88 28.12 3.06 2.78 8.39 8.68 

Sept. 6 28.31 28.97 .44 1.44 6.52 6.72 

Sept. 13 31.15 31.30 2.84 2.34 10.46 10.78 

Sept. 20 33.12 33.82 1.97 2.52 10.46 10.78 

Sept. 27 35.19 35.29 2.06 1.47 10.46 10,78 

Oct. 4 36.41 36.78 1.22 1.48 10.46 10.78 

Oct. 11 37.50 37.38 1.09 .61 10.46 10.78 

During the first fifteen weeks this experiment is strictly com- 
parable with the preceding one, excepting that it was begun about a 
month later. The differences between the live weights attained 
during this period by the lots receiving either beef scrap or cotton- 

*Including also mangel wuriels calculated to the air-diy condition. 
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seed meal, on an eq\ial nitrogen basis, were about neutralized in the 
two experiments, for the live weights in pounds per ten chicks of the 
cotton-seed meal lots were 17.70 in the former experiment and 15.60 
in the latter; and, similarly, the live weights of beef scrap lots were 
16.91 in the latter experiment and 15.10 in the former. 

It may be seen by reference to Table XIII that at the end of the 
first period in which lot V had received an addition of cotton-seed 
meal, it weighed less than lot VI, but that when the concentrates 
had been reversed during the latter part of the experiment, the two 
lots finally weighed about the same. 

experiment VII. THE EFFECT OP AN ADDITION TO A UNIFORM BASAL 
RATION, OF BAKED COTTON-SEED MEAL, AND OF UNBAKED 
COTTON-fiEED MEAL WITH AND WITHOUT CALCIUM CAR- 
BONATE, IN COMPARISON WITH AN ADDmON OF 
BEEF SCRAP ON AN EQUAL NITROGEN BASIS. 

The experiment was begun with four lots of thirty-five White 
PljTmouth Eock chicks, about three weeks old. The basal ration 
was the same as in the last two experiments, except that calcium 
carbonate was added only to the rations for lots II, III and IV, and 
to those only until September 22. Granite grit was used. 

Lots I and II of the experiment afforded a direct measure of 
the effect of calcium carbonate in connection with cotton-seed meal 
as the protein concentrate. Both lots received cotton-seed meal 
equal to 50.5 per cent, of the basal mash, whereas only lot II 
received calcium carbonate equal to 15 per cent, of the basal mash. 

In order to determine which ration would be most readily eaten, 
this experiment differed from most of the others in that the various 
lots were given all the food they would consume. Early in the 
experiment it became evident that there was no advantage resulting 
from the addition of the finely ground limestone which was first 
used as a source of calcium carbonate; therefore, between September 
2 and 22, the latter was added in powdered calcium carbonate, such 
as had been found beneficial with cotton-seed meal on other occa- 
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sions. Since no advantage resulted from the calcium carbonate, 
however, it was given to none of the lots during the last five weeks 
of the experiment. 

Lots II and III afforded a direct comparison between unbaked 
and baked cottonnseed meal, respectively, added on an equal nitrogen 
basis. For lot III the cotton-seed meal, mixed with water, was 
baked brown in an ordinary baking oven, and subsequently ground 
into a meal which was added to the mash. The chicks generally 
consumed even less of the feed containing the baked, than of that 
containing the unbaked cotton-seed meal and made smaller gains. 

Lot IV, instead of receiving cotton-seed meal as addicional food, 
was given sufficient beef-scrap to furnish the same proportion of 
nitrogen. The chicks consumed more feed than the other lots, 
as is usually the case when a ration containing beef scrap is fed ad 
libitum, and attained a greater final weight. At the end of the 
experiment the percentage of cockerels in each lot was as follows: 
Lot I, 32; lot II, 31; lot III, 38; and lot IV, 50. 

F\ui;her detailed records are included in Tables XIV, XV and XVL 



Table XIV. — Live xoeighi per ten chicks. 



Lot 



L 

Cotton-fleed 
meal, but no 
Calcium 
Carbonate. 



Kind of feed in excess of the 
basal ration. 

1911. 

July 14 2.20 

July 28 2.47 

Aug. 4 2.87 

Aug. 11 3.64 

Aug. 18 4.23 

Aug. 25 5.03 

Sept. 1 5.24 

Sept. 8 6.58 

Sept. 15 7.60 

Sept 22 8.97 

Sept. 29 10.34 

Oct. 6 12.00 

Oct. 13 13.36 

Oct. 20 15.55 

Oct. 27 17.00 



II. 



Cotton-seed 



2.27 

2.53 

2.91 

3.40 

3.43 

4.13 

4.98 

5.75 

6.85 

7.73 

9.23 

11.31 

12.42 

15.34 

17.11 



III. 

Baked 
cotton-eeed 
meal cake. 



2.29 

2.47 

2.78 

3.29 

3.65 

3.83 

4.44 

5.16 

6.00 

7.11 

8.36 

10.07 

11.54 

13.68 

16.88 



IV. 

Beef 

scrap. 

2.22 

2.39 

2.84 

3.20 

3.29 

4.10 

4.54 

6.37 

6.42 

7.71 

9.37 

10.83 

13.15 

16.58 

18.96 
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Table XY. — Gain in live weigM per ten chicks dvaring the week preceding the 

eucceseive dates. 

Lot I. II. III. IV. 

Cotton-oeed 

meal, but no Baked 

Kind of food in ezcen of the Calcium Cotton-eeed cotion-eeed Beef 

basal ration. Carbonate. meal. meal cake. scrap. 

1911. 

July 28 (for 2 weeks).... .21 .19 .12 .11 

Aug. 4 .36 .24 .26 .29 

Aug. 11 .66 .34 .29 .26 

Aug. 18 .45 (—.16) .17 .01 

Aug. 25 .30 .32 .18 .52 

Sept. 1 .63 .57 .41 .19 

Sept. 8 .82 .78 .62 .68 

vSept. 15 1.03 1.09 .84 1.04 

Sept. 22 1.37 .88 1.10 1.38 

Sept. 29 1.37 1.50 1.25 1.58 

Oct. 6 1.66 2.08 1.71 1.46 

Oct. 13 1.36 1.12 1.46 2.32 

Oct. 20 2.19 2.92 2.14 3.48 

Oct. 27 1.45 1.77 2.59 2.33 



Total 13.86 13.64 13.14 15.65 

Table XVI. — Air-dry haeal ration consumed in pounds per ten chicks during the 

week preceding the successive dales. 

Lot. I. n. III. IV. 

Cotton-seed 

meal, but no Baked 

Kindof feed in excess of the Calcium Cotton-seed cotton-seed Beef 

basal ration. Carbonate. meal. meal cake. scrap. 

1911. 

July 28 (for 2 weeks).... 2.13 2.13 2.13 2.13 

Aug. 4 1.37 1.43 1.44 1.47 

Aug. 11 1.62 1.74 1.89 1.87 

Aug. 18 1.15 1.14 1.23 1.12 

Aug. 25 1.89 1.37 1.47 1.55 

Sept. 1 2.04 1.94 1.63 1.81 

Sept. 8 2.43 2.71 2.41 2.77 

Sept. 15 3.47 3.38 3.14 3.66 

Sept. 22 4.17 4.06 3.77 4.40 

Sept. 29 4.17 4.06 3.77 4.40 

Oct. 6 4.63 5.07 4.71 5.50 

Oct. 13 4.63 5.07 4.71 6.23 

Oct. 20 5.33 5.41 6.03 6.97 

Oct. 27 5.33 5.41 6.43 6.96 



Total 44.36 44.92 43.76 50.84 
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experiment viii. the effect of supplementing a uniform 
basal ration with beep scrap and with cotton-seed 

MEAL, WITH AND WITHOUT FURTHER ADDI- 
TIONAL PROTEIN-FREE FEED. 

For this experiment Rhode Island Red chicks about four weeks 
old were equally divided into six lots of thirty-five chicks each. 
Each lot was fed the following basal ration at the same rate: 

Basal Mash. Basal Scratch Feed. 

Com meal 198 Cracked com 233 

CottonHseed meal 10 Cracked rice 155 

Beef scrap 10 

Bone meal 40 388 

Groimd alfalfa 40 

Wheat bran 70 

Limestone 20 

388 

During the first seven weeks, twice as much scratch feed as basal 
mash was used; but during the last seven weeks equal amounts of 
each were fed. 

Lots I to IV were given, in addition to the basal ration, a mixture 
of protein-free feed composed of 5 parts of com starch, 4 parts of 
pulverized sugar and 1 part of mutton fat, in an amount equal to 50 
per cent, of the basal mash; lots V and VI were not given this special 
mixture. 

Furthermore, lot I received an addition of beef scrap equal to 60 
per cent, of the basal mash, lots II and V an addition of beef scrap 
equal to 36 per cent., and lots III and VI an addition of cotton-seed 
meal equal to 50 per cent. Lots II, III, V and VI received the 
same amount of nitrogen and this was shown to be sub-optimum, or 
below the full requirements of the chicks for most rapid growth; 
by the fact that the extra protein added in the larger addition of 
beef scrap given to lot I produced a more rapid average growth of 
chicks. 
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Lot IV received no protein in addition to the basal ration, but 
the extra protein-free feed was the same in amount as the extra 
cotton-seed meal added to lot VI; therefore, lots IV and VI consumed 
the same amount of food per chick. Lot IV, however, attained a 
live weight per ten chicks of only 10.39 pounds, whereas lot VI 
weighed 16.54 pounds per ten chicks. 

Inasmuch as the amounts of the supplementary feeds have been 
expressed Id percentages only of the basal mash, it is evident that 
because of the larger proportion of the basal mash to scratch feed 
used during the latter half of the experiment, the proportions of the 
supplementary feeds to the combined basal mash and scratch feed 
were, for that period, 50 per cent, greater than during the first half 
of the experiment; e. g., an addition equalling 50 per cent, of the 
basal mash constituted 16§ per cent, of the entire basal ration 
during the first half of the experiment, and 25 per cent, during the 
last half. 

Throughout nearly the entire experiment, lot IV, which received 
an addition of only protein-free feed to the basal mash, consmned 
its food least readily and thus determined the amount of basal 
ration which all received alike. They usually ate the mash more 
readily than the scratch feed, showing that the starch, sugar and 
mutton fat did not render the former distasteful. 

At the close of the experiment there were the following percent- 
ages of cockerels in the different lots: Lot I, 55; lot II, 50; lot III, 
64; lot IV, 38; lot V, 20; lot VI, 35. The data regarding live weight, 
gain in weight and feed consmned may be found in Tables XVII, 
XVIII and XIX. 
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Beef 
scrap. 


CottOD- 

Med 
meal. 


2.46 


2.47 


2.89 


2.87 


3.49 


3.35 


3.98 


3.85 


4.38 


4.29 


4.87 


4.89 


5.67 


5.58 


6.26 


6.53 


7.33 


7.91 


8.41 


8.97 


9.99 


10.66 


11.36 


12.01 


12.88 


13.05 


14.86 


14.86 


16.18 


16.54 
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Table XVII. — Lioe weight per ten chieka. 

h^ L U. lU. IV. V. VI. 

Lacser Cotton 
amoant Beef eeed meal 
beef scrap scrap and and pro- Protein- 
Kind of feed in excess and protein- protein- tein-i ree free 
of basal ration. free feed, free feed. feed. feed. 

1911. 

Nov. 15 2.47 2.49 2.50 2.47 

Nov. 22 3.05 2.96 2.94 2.77 

Nov. 29 3.60 3.44 3.49 3.04 

Dec. 6 4.22 3.89 3.91 3.31 

Dec. 13 4.77 4.36 4.37 3.59 

Dec. 20 5.53 5.09 4.97 4.12 

Dec. 27 6.55 5.89 5.81 4.59 

1912. 

Jan. 3 7.52 6.77 6.50 4.99 

Jan. 10 9.14 8.22 7.66 5.57 

Jan. 17 10.52 9.18 8.86 6.36 

Jan. 24 12.39 10.74 11.02 7.23 

Jan. 31 13.90 12.00 12.29 7.81 

Feb. 7 15.17 13.42 13.31 8.22 

Feb. 14 17.26 15.12 15.93 9.50 

Feb. 21 19.45 16.73 17.82 10.39 

Table XVIII. — Gain in live weight per ten chicks during the week preceding the 

successive dates. 

Lot I. n. III. IV. V. VI. 

Larger Cotton- 
amount Beef seed meal 
beef scrap scrap and and pro- Protein- Cotton- 
Kind of feed in excess and protein- protein- tein-free free Beef seed 
of basal ration. free feed. free feed. feed. feed. scrap. meaL 

1911. 

Nov. 22 59 .47 .44 .30 .45 .40 

Nov. 29 53 .49 .55 .27 .60 .49 

Dec. 6 62 .43 .42 .26 .49 .46 

Dec. 13 49 .44 .46 .25 .40 .45 

Dec. 20 76 .68 .59 .49 .49 .60 

Dec. 27 1.03 .80 .79 .46 .81 .69 

1912. 

Jan. 3 89 .62 .69 .39 .59 .83 

Jan. 10 1.34 1.36 1.14 .52 1.05 1.28 

Jan. 17 1.10 .95 1.20 .64 .99 1.05 

Jan. 24 1.67 1.57 1.78 .87 1.41 1.51 

Jan. 31 1.51 1.26 1.32 .52 1.24 1.28 

Feb. 7 1.27 1.35 1.01 .78 1.35 1.04 

Feb. 14 1.80 1.26 1.82 .86 1.43 1.61 

Feb. 21 2.20 1.61 1.88 .84 1.48 J. 68 

Total 15.80 13.29 14.09 7.45 12.78 13.37 
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Table XIX. — Air-dry feed* consumed in pounds per ten ckicka during the week 
preceding the euccessive dates. 
Lot. I. n. III. IV. V. VI. 

Larger Cotton- 
amount Beef seed meal 
beef sorap sorap and and pro- Protein- Cotton- 
Kind of feed in ezoeas and protem- protein- tein-free free Beef seed 
of baaal ration. free feed, free feed. feed. feed. aorap. meal. 

1911. 

Nov. 22 1.85 1.74 1.81 1.58 1.52 1.58 

Nov. 29 2.30 2.16 2.24 1.96 1.88 1.96 

Dec. 6 2.74 2.58 2.67 2.34 2.25 2.34 

Dec. 13 2.74 2.58 2.67 2.34 2.25 2.34 

Dec. 20 3.26 3.07 3.17 2.78 2.66 2.78 

Dec. 27 3.41 3.22 3.33 2.91 2.80 2.91 

1912. 

Jan. 3 4.05 3.82 3.95 3.46 3.32 3.46 

Jan. 10 3.52 3.25 3.41 2.84 2.68 2.84 

Jan. 17 4.92 4.53 4.76 3.96 3.74 3.96 

Jan. 24 6.50 6.00 6.29 5.24 4.95 5.24 

Jan. 31 7.04 6.49 6.81 5.68 5.36 5.68 

Feb. 7 7.44 6.87 7.20 6.00 5.66 6.00 

Feb. 14 8.95 8.25 8.65 7.21 6.80 7.21 

Feb. 21 10.19 9.39 9.85 8.21 7.75 8.21 

Total 68.91 63.95 66.81 56.51 53.62 56.51 

At the time of dressing the chickens of this experiment, an average- 
sized chick from the larger, the medium and the smaller third of 
«ach lot was set aside and not cooked, whereas the remaining chicks 
were cooked. The uncooked chicks were retained for the purpose of 
imdertaking some chemical work suggested by the following ideas: 
It seemed possible that a liberal amount of protein in the food might 
lead to a reserve deposition of perhaps somewhat unorganized nitrogen 
compounds within or between certain cells, whereas in case of a food 
poor in protein, nearly all of it might be required for the organized 
parts of the cells. If such were the case, extraction of certain tissues 
with the appropriate solvent might lead to differentiations in the 
nitrogenous material, which could be correlated with the proportion 
of protein in the feed. Circumstances prevented this line of work, 
however, and only the weights of the giblets and the percentages of 
nitrogen, fat and ash in the livers were determined in these chicks. 
The results are given in Table XX. 

*A small aniform amount of mangel wuriela which was given for sueoulent food to each lot is not 
inchidad here. 
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In general, the size of the different giblets increased with the 
weight of the chicken, although it may be seen that there are the 
most exceptions to this in the case of the hearts. The only observa- 
tion of any general interest in connection with the nitrogen is that 
usually its percentage is the largest in case of the small chicks. 

In connection with the percentages of fat in the dry livers, it may 
be seen that the highest percentages, namely 20.6 and 16.9 were 
found in the livers from the large and medium chicks, respectively, 
of lot IV, which received an addition to the basal ration of only 
starch, sugar and mutton fat, and that in this particular lot the 
percentages decreased markedly with the size of the chicken. Where 
the chickens received equal amounts of nitrogen, added in beef 
scrap or in cottonnseed meal, but not the additional protein-free 
feed, the percentages of fat were less in the livers from the beef 
scrap lot (V) than in those from the cotton-seed lot (VI). However, 
in the entire cooked chicken from these same lots, the percentage 
of fat was higher in case of those which received the beef scrap. 
The average composition of all the dry livers is as follows: 

Crude ash 4.88 

Fat (ether-extract) 12.63 

Nitrogen 12.54 

Protein, 100 minus the ash and fat 82.49 

(= the nitrogen x 6.58). 

The remainder of the chicks in each lot of this experiment were 
steamed and analyzed in the manner previously described. The 
results are included in Table XXI. 
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Fig. 1. Dressed chickens fed the same amount and kind of basal ration to 
which the above-mentioned feeds were added in case of the diflFerent lots. 
(Experiment Vlll.) 
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Fig. 1. — Concluded. — Dressed chickens fed the same amount and kind of 
basal ration to which the above-mentioned feeds were added in case of the 
dififerent lots. (Experiment Vlll.) 
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the sex and weight of the individual chicks in each 
experiment. 

The importance to be ascribed to the average results obtained 
with a given lot of chicks is influenced by the number of chicks, 
the uniformity of the individual weights, and probably by the sex. 
In order that it might be possible at any time to make a more critical 
analysis of the experimental results than can be undertaken within 
the limits of the present bulletin, it has been thought desirable to 
record in Table XXII such data as were available concerning the 
individual chicks. It may be seen by reference to the table that in 
case of Experiments I, II and III, the individual live weights are 
given and that each dot represents twenty grams, whereas in case of 
Experiments IV, V and VII, the individual picked weights are 
recorded and each dot represents ten grams. 

When it is observed in the table that the chicks in Experiment I 
were all males, it will be recalled that this was the only experiment 
which was begun with chicks sufficiently old so that the sex could be 
determined at the beginning of the experiment, and that in this 
case capons were used. In Experiment III it happened that there 
were only females at the end. The table is probably self-explanatory : 
it will be observed, for example, that lot 4 of Experiment II contained 
two males and three females, which weighed about 1,640 grams each. 

OBSERVATIONS CONCERNING THE POSSIBLE TOXICITY OF THE COTTON- 
SEED MEAL. 

In a paper, entitled "The Poisonous Principle of Cotton-seed 
Meal, "* Crawford recorded the toxicity of a certain extract of cotton- 
seed meal. An attempt was made by Philip H. Wessels, assistant 
in chemistry at this station, to prepare a similar extract from some 
of the meal used in the previously described experimental feeding; 
but owing to the lack of details given in Crawford *s paper, it is possible 
that the following method of preparation, which was used, differed 

*JouT. PharmAool. and Eipt. Ther. I. 519-48 (191 0)> 
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from that of Crawford in making the pepsin-pancreatic extract 
which he found to be toxic. One thousand grams of the cotton- 
seed meal, used in one of the feeding experiments, were mixed with 
3,500 c. c. of a .05 per cent, solution of hydrochloric acid, 2 grams of 
powdered pepsin were then added, and the whole digested 48 hours 
at 30 to 40® C. It was then made very slightly alkaline with sodium 
hydroxid, and after the addition of 2 grams of pancreatin, was 
replaced in the incubator. Subsequently the liquid was squeezed 
from the mass, filtered, and concentrated in a vacuiun oven at about 
70® C. until 50 c. c. of it represented 200 grams of the original cotton- 
seed meal. This liquid was dark colored and viscous. 

On September 24, 1910, some of this extract was fed to rabbits and 
fowls for the purpose of determining whether it was poisonous. By 
means of a syringe catheter, 50 c.c. were given to each of two rabbits, 
and 60 c.c. to each of two others. Some of the extract got into the 
lungs of one of the rabbits, causing death in two hours. The other 
rabbits remained in good health and showed no ill effects. With 
a syringe, 50 c.c. of the extract were given also to each of two pullets 
and two hens. The last special observation of the rabbits and fowls 
was made October 4, 1910. No harmful results appeared at any- 
time. 

During the different experiments which have been recorded, the 
possible toxicity of cotton-seed meal for chicks received attention, 
but in no case were any observations made, either in the death rate, 
viscera, gain in weight, or in any way, which proved that there was 
a toxic condition. This was in spite of the fact that the duration 
of certain experiments was considerable, notably Experiment I, 
in which capons were fed for about seven months, and Experiment 
II, which was continued from the termination of the records included 
herein until the cockerels crowed and the pullets began to lay, which 
occurred when they were about twenty-seven weeks old. 

In Experiment III, the addition of cotton-seed meal to a well 
balanced ration caused a more rapid growth. Therefore, if there 
was any ill effect, it was masked by the advantages of the extra amount 
of feed. 
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It has been noticed repeatedly that chicks will not consume so 
much of a ration containing considerable cotton-seed meal as of one 
in which the meal has been replaced by beef scrap. It may be 
considered by some that this indicates an ability on the part of the 
•chick to protect itself from consumiixg a toxic amount. Reference 
to the details of the experiment will show, however, that the amount 
•consumed was quite large. In Experiment II the chicks were fed 
practically ad Uhitum between the ages of ten and twenty-four weeks, 
and it was found that on the average the cotton-seed meal lots con- 
sumed within twenty per cent, of those receiving the beef scrap. 

FINAL WEIGHTS OF CHICKS AT DIFFERENT STAGES PRIOR TO THEIR 
CONSUMPTION AS FOOD. 

In Experiment I, the forty-five White Wyandotte capons and 
"sUps," which had an average drawn weight of 5.5 pounds, had lost 
9 per cent, of their live weight in bleeding and picking, and 21 per 
cent, of their live weight upon being bled, picked and drawn. 

In Experunents IV, V and VIII were obtained not only the live 
and dressed weight of three different breeds, but the weight as pre- 
pared for cooking. Furthermore, the dry matter of the entire edible 
portion was determined. 

The data are summarized in Table XXIII. 

Table XXIII. — Average weight in pounds per ten chicks in different condUiane, and 

the percentage of loes in passing from one condition to another. 

Low- Medium- High- 

proteiii protein protein 

lota. lota. lota. 

Number of lots included 4 8 3 

Live weight 9.50 16.30 19.10 

Dressed weight (bled and picked) 8.91 14.71 16.70 

Weight prepared for cooking 5.95 10.75 12.26 

Dry matter of edible portion after cooking. . . 1 .50 2.60 2.96 

Per cent, of live weight lost in dressing 6 10 13 

Per cent, of live weight lost in dressing and pre- 
paring for cooking 37 34 36 

Per cent, of live weight composed of dry edible 

matter 16 16 16 

Per cent, of dressed weight lost in preparing for 

cooking 33 27 27 

Per cent, of dressed weight composed of dry 

edible portion 17 18 18 
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The greater percentage loss from bleeding and picking, which was 
correlated with the increase in protein, was doubtless due to a larger 
growth of feathers which this ingredient stimulated. It was noticed 
that the low-protein lots were frequently quite bare of feathers. 

In obtaining the edible portion, the bones were carefully removed 
by hand from the warm, steamed chickens. Probably less meat 
was left with the bones than is usually the case in family consumption. 
The skin, heart, liver, kidney, and muscular portion of the gizzard, 
as well as the broth were included in the edible portion, although ia 
many cases some of these are not eaten. Even when all are included 
it may be seen that only about a sixth of the dressed weight is repre- 
sented in the edible portion when all of the water is eliminated. 
In other words, the dry matter of the edible portion would cost over 
two dollars a pound, provided the dressed broilers could be purchased 
at 35 cents per pound. On a similar basis the fresh edible portion, 
which is about seven-tenths water, would cost about sbcty-five cents 
per pound. 

THE NUTRITIVE RATIO OF THE FEEDS. 

Although nutritive ratio is strictly the ratio of the digestible 
protein to the sum of the digestible fat multiplied by about 2.3, and 
the digestible fiber and nitrogen-free extract matter, in connection 
with the present experiments it has been considered as the ratio 
of the protein to the sum of the fat multiplied by 2.3, and the nitrogen- 
free extract matter. [Protein : (Fat X 2.3) + nitrogen-free extract]. 
That is, the digestibility has not been taken into consideration, and 
the fiber has not been included, in these calculations. This course 
has been adopted because of the probable low feeding value of the 
fiber for chicks and also the paucity of information concerning the 
digestibility for poultry of the other constituents. 

It has been customary to ascribe considerable importance to 
nutritive ratio, but there are certain reasons why less attention will 
probably be paid to this ratio in the future. It is now recognized 
that the value of a feed depends not only upon the amount which 
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is digestible, but also upon the amount of energy used up in the process 
of comminution and digestion. 

Furthermore, the price of the best protein and non-protein vege- 
table concentrates is not so very different at the present time. There- 
fore, it becomes less necessary to conserve the protein by replacing 
it with carbohydrates and fat to the fullest extent. An excess of 
protein above the necessary nitrogen requirements may serve in 
the same capacity as starch, for example, for energy purposes; and 
unless some disadvantage arises from the elimination of the waste 
products of the excess protein, there may be a wide variation in the 
proportion of this ingredient, and, consequently, in the nutritive 
ratio, provided there is no deficiency of nitrogen in the feed. 

A deficiency of protein as a source of nitrogen cannot of course be 
overcome by an excess of the other feeding ingredients, whereas the 
latter may to a certain extent be replaced by an excess of protein. 
The growth of young animals may be very much retarded, therefore, 
by limiting the amount of protein. Within certain limits, the 
necessary amoimt of protein may be secured by liberal feeding of 
even a ration having a wide nutritive ratio, although the process 
may not be economical, owing to the waste of carbohydrates and 
fat. If the proportion of non-protein substances is too large, then 
the body may not be able, because of the limited capacity of the 
digestive organs, to utilize sufficient food to supply the protein 
requirements for the most efficient rate of growth possible. 

Certain of the experiments described in the present bulletin 
afford an opportunity for correlating different nutritive ratios with 
the growth of chicks. 

Experiment II (page 231) showed that during the first four weeks 
the live weights of chicks receiving the cotton-seed meal increased 
successively with the nutritive ratios of 1 :3, 1 :4 and 1 :5, whereas the 
reverse was true with those receiving beef scrap as the chief protein 
concentrate. The ratios were widened by partly replacing the 
protein concentrates by com meal. 

During the last fourteen weeks of the same experiment the ratios 
were widened to 1 :4, 1 :5 and 1 :6. On a given amount of feed the 
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cotton-seed meal lots reached a live weight per ten chicks of 26.74, 
29.06 and 29.21 pounds, respectively, with the widening of the nutri- 
tive ratios; and, similarly, the beef scrap lots which consumed a 
larger amount of feed, weighed 35.31, 36.70 and 36.00. Apparently 
the protein requirements were supplied in all cases, and the excess 
in case of the narrower ration affected practically only those which 
received a considerable substitution of cotton-seed meal in place 
of com meal. This substitution resulted in a less ready consumption 
of the feed and in smaller gains. The kind of the protein concentrate 
seemed more important than the nutritive ratio. It should be 
remembered, however, that in this experiment there proved to be a 
smaller proportion of cockerels in the lots on the narrowest nutritive 
ratio than in the others, which fact may have had something to do 
with the smaller weights. 

In a number of the experunents which have been described, the 
different lots represented in a given experiment were fed the same 
amoimt of a basal ration containing a variety of feeds, as well aa a 
liberal amount of bone meal to furnish abundant calcium phosphate. 
Although it was desired to supply in the basal ration only a small 
proportion of protein, the presence of even small amounts of the 
wide variety of feeds resulted in a basal mash with a nutritive ratio 
usually about 1:5. This ratio was markedly widened by giving a 
scratch feed composed of cracked com and rice, which had a nutritive 
ratio of about 1 :9.5. Equal weight parts of the basal mash and 
scratch feed were most frequently fed, resulting in an entire basal 
ration having a nutritive ratio of about 1 :7. 

In the case of those lots which received an equal additional a^nount 
of nitrogen, it was usual to add beef scrap at the rate of from 30 to 
36 per cent, of the basal mash, and cotton-seed meal at the rate of 
40 to 50 per cent. This addition of beef scrap narrowed the nutritive 
ratio of the entire feed to about 1 :4, which was a little narrower than 
that caused by the addition of the cotton-seed meal. 

"When a still larger amount of the beef scrap was supplied for the 
pmpose of producing more rapid gains, a 50 per cent, addition to the 
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basal mash was frequently made, thereby reducing the nutritive 
ratio of the entire feed to nearly 1 S. 

Chicks about four weeks old, which were continued on these 
rations for about fifteen weeks (Experiments IV, V and VIII), all 
lots having received the same amount of the based ration, attained 
an average live weight per ten chicks about as follows: On only the 
basal ration, 9.6 pounds; when this was supplemented with the 
smaller addition of beef scrap, or with the same addition of nitrogen 
in cotton-seed meal, 16.1 pounds; and with the larger addition of 
beef scrap, 19.1 pounds. 

By supplementing the basal ration with the protein-free feeds 
(starch, sugar and cotton-seed oil, or mutton fat), the nutritive 
ratio was widened from 1 :7 to 1 :8.5, and the live weight was prac- 
tically unchanged, even when the chicks had 25 per cent, more feed. 
(Experiment IV.) 

In Experiment VIII, by supplementing, with starch, sugar and 
mutton fat, the rations to which an equal amount of nitrogen was 
added in beef scrap or in cotton-seed meal, the nutritive ratio was 
increased from about 1:3.6 to 1:4.8, resulting in somewhat fatter 
chicks. 

In the experiments to which reference has just been made it is 
obvious that growth depended mainly upon the amoimt of protein, 
and that the quantity of the other ingredients of the basal ration 
was so liberal that even an extra amoimt of feed in the form of 
carbohydrates and fat, although materially changing the nutritive 
ratio, left the live weight of the chicks practically unchanged. It 
is true, however, that the amount of the fat in the chicks was some- 
what increased. For the rapid growth of young chicks it is more 
important within reasonable limits that the amount of protein be 
sufficient than that it be associated with a definite proportion of 
carbohydrates and fat; or, in other words, that there be a definite 
nutritive ratio. It would not be economy, however, to supply 
carbohydrates and fat so liberally that the chicks could make no 
good use of them. 
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On account of the fact that protem is not only a source of nitrogen, 
but also of energy, a feed with an excess of protein and an unneces* 
sarily narrow nutritive ratio may nevertheless fulfil all the require- 
ments for rapid growth. 

THE RELATIVE EFFECT OF EQUAL AMOUNTS OP NPTROGEN IN BEEF 
SCRAP AND COTTON-SEED MEAL ON THE FINAL WEIGHT OF CHICKS. 

Experiments at this station have shown that when beef scrap and 
cotton-seed meal are each added to a common basal ration so as to 
furnish an equal proportion of nitrogen, and the chicks are given all 
they will eat, they will consume more of the beef scrap ration than 
of the cotton-seed meal ration, and make a more rapid growth. This 
was true, even when the cotton-seed meal ration was supplemented 
by ash constituents so that the latter were similar to those in the 
beef scrap ration. 

In most of the experiments described in the present bulletin, the 
lots of a given experiment were limited to a uniform amount of the 
basal ration, to which beef scrap and cotton-seed meal were added 
so that each concentrate furnished an equal amount of nitrogen in 
those cases where the two concentrates were especially compared. 

It is believed that the basal rations were so liberally supplied with 
non-nitrogenous constituents that the addition of more of these in 
the protein concentrates had at most only a minor influence upon the 
growth, but that the latter was determined mainly by the nitrogenous 
constituents, which in every case now \mder consideration were 
shown to be below the optimum requirements for the greatest amount 
of growth. 

In making a comparison between the two concentrates on an 
equal nitrogen basis, the reader should keep clearly in mind the fact 
that even if one of them caused a larger growth, the larger chickens 
thereby produced did not get a correspondingly larger amount of 
feed. It seems, however, that imder the conditions of these experi- 
ments any increase in growth caused by one concentrate over another 
can be considered as an approximate measure of the additional 
efficiency of that concentrate as a source of protein. 
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To enable a ready comparison of growth, the relations of the 
average weights of the cotton-seed meal lots to 100 as representing 
the weights of the beef scrap lots which received an equal amount 
of nitrogen, are recorded below: 



Expt. 


AUre. 


Bled and 
pioked. 


Prepared for 
oookins. 


Cooked, 
watei^rae. 


I 


94 


91 






IV 


91 


99 


89 


86 


V 


117 


116 


109 


107 


VI 


92 








VLl 


90 








VIII* 










a 


102 


105 


104 


98 


b 


107 


108 


105 


105 


Average of the above 


99 


104 


102 


99 



It is evident that, although in the individual experiments there 
are differences one way or the other, practically no difference resulted 
in the average of the combined weights whether beef scrap or cotton- 
seed meal was used to furnish an equal amoimt of nitrogen. 

THE EFFECT OF THE ADDITION OF THE PROTEIN-FREE FOODSTUFFS. 

Certain of the experiments afford an opportunity for noting the 
effects of protein-free feeds such as starch, sugar, cotton-seed oil 
and mutton fat. In Experiment IV, the basal ration was in case of 
one lot supplemented with the first three of these, but with practically 
no effect upon the weight of the chicks as prepared for cooking. 
The amount and percentage of dry matter in the chicks so prepared, 
however, was somewhat greater in case of those fed with the extra 
protein-free feed, although the total nitrogen was not increased. 
The principal difference was in the fat, the percentage in the dry 
cooked portion being 29.7 in the case of the chicks which were fed 
only the basal ration, and 36.3 in case of those which received the 
additional protein-free food. The total amount of fat per ten 

*ta refan to the lota which raoairad no axtra protain-f rea f ead, and b to those whioh did laoaiTa an 
axtia amount. 
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cooked chicks was similarly increased from 267 to 351 grams. (See 
page 240 for the analytical results). 

In Experiment VIII the effect of the protein-free feed was deter- 
mined when it supplemented rations containing much more protein 
than in case of Experiment IV, on which account it might be expected 
to be of more service in promoting growth. The average data of the 
two lots which received the same amount of protein, in one case in 
cottonHseed meal and in the other in beef scrap are stated in the first 
of the following columns; and the average of the two lots which 
differed only in that they received about 20 per cent, additional 
food as sugar, starch and mutton-fat is given in the second column. 

Withovt With estz» 

extra pro- protein- 

tein-free feeds. free feeds. 

Weight per chick, as prepared for cooking, grains 519 556 

Water-free weight of the same when cooked, grams. . 147 169 

Per cent, of dry matter as prepared for cooking 28.3 30.4 

Weight of fat per cooked chick — 

In meat and soup, grams 23 . 9 35 . 5 

In bones, grams 6.8 9.9 

Per cent, of fat in water-free, cooked chicks 20.9 26.8 

Per cent, of nitrogen in water-free, cooked chicks .... 10 . 30 9 . 27 

Weight of nitrogen per cooked chick — 

In meat and soup, grams 12.3 12.3 

In bones, grams 2.8 3.3 

It may be seen that the addition of the protein-free feeds was 
accompanied in this case by some increase in the amoujnt of dry 
matter, and that the major part of this increase was fat. The 
nitrogen in the edible portion was not increased, what little increase 
in nitrogen there was being confined to the bones. 

Owing to the fact that there proved to be a much larger proportion 
of cockerels in the lots receiving the addition of protein-free feeds, 
attention to small differences may not be warranted. 

In Experiment VIII, the percentage of fat in the dried livers of 
a large, medium and small chicken from each lot was no greater in 
the somewhat fatter chickens which received the addition of the 
protein-free foodstuffs than in those which did not. 
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the relation of the nitrogen recovered in the cooked chicks 

TO THAT CONSTTMED IN THE FEED. 

At the termination of Experiments IV, V and VIII the chickens 
were analyzed, thus making possible a comparison of the amoimt 
of nitrogen in the cooked chickens with the amount consumed in the 
feed from the beginning of the experiments when they were about 
four weeks old. To obtain the approximate amount of nitrogen in 
chicks at the latter age, the following data was secured concerning 
four individuals: 

I. II. III. IV. Avg. 

Live weight of chicks in grams. .. . 90.5 91.7 100.1 109.3 97.9 

Weight when prepared as for cook- 
ing, grams 51.3 48.4 58.0 60.0 54.4 

Grams of nitrogen in chick pre- 
pared as for cooking 1.468 1.430 1.655 1.759 1.578 

The average amount of nitrogen will be deducted in each case from 
that found in the cooked chicks at the end of the experiment, in 
ascertaining the relationship between the amount of nitrogen fed 
and that recovered in the cooked chicks. 

When only the low-protein basal ration itself was fed (Experiment 
IV, lots I and V) the average chick received during the experiment 
42.47 grams of nitrogen and contained, in the cooked portion, 7.82 
and 8.26; average, 8.04 grams. If from this average is subtracted 
1.68, the amount of nitrogen in the corresponding part of the yoimg 
chicks, there remain 6.46 grams, which represent a recovery in 
the cooked portion of 15.2 per cent, of the nitrogen given in the 
feed; the corresponding relation in case of another lot in the same 
experunent, which received in addition to the basal ration only the 
protein-free food, was 14.6 per cent. In Experiment V, the similar 
lot received per chick, 42.11 grams, from which there was a net 
recovery of 13.8 per cent.; and again, in Experiment VIII, it 
received 39.87 grams, from which there was a net recovery of 17.4 
per cent. 
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The recovery per chick in case of those lots which received an 
additional equal amount of nitrogen in beef scrap and cotton-seed 
meal is shown by the following table: 



GramB of 

nitrogen 

in the 

entire 

feed. 

Expt. IV, lots III, II 80.6 

Expt. V, lota II, III 77.8 

Expt. VIII, lots V, VI 75.3 

Expt. VIII, lots II, III 75.6 

Average 77.3 



Grams of 

nitrogen in an 

average cooked 

chicken. 

Cotton- 
Beef 
Bcrap 
lots. 



17.20 

13.68 
15.05 
15.52 
15.36 



meal 
loto. 

13.73 
15.57 
15.25 
15.73 
15.07 



Per cent, of nitrogen 

recovered per cooked 

chick after deducting 

that in a young 

chick. 

Cotton- 



Beef 
scrap 
loU. 

19.4 

15.6 

17.9 

18.4 

17.8 



seed 
meal 
loU. 

16.8 

18.0 

18.2 

18.7 

17.5 



The chicks were also analyzed in case of two lots which received in 
beef scrap a still larger amount of nitrogen than in the cases just 
mentioned. To lot IV, Experiment IV, 98.3 grams per chick were 
fed and after deducting 1.58 grams as usual, 16.1 grams or 16.4 
per cent, were recovered. Similarly in the case of lot I, Experunent 
VIII, 99.2 grams were fed and the net recovery was 16.2 grams, or 
16.3 per cent. It may be seen that the percentages of nitrogen 
recovered from the rations receiving the larger amount of beef scrap 
were less than from the otherwise corresponding lots which received 
a smaller amount, for in the latter case, 19.4 and 18.4 per cent.,* 
respectively, were recovered. It is not improbable that in case of the 
rations containing the larger amount of beef scrap, more nitrogen 
was fed than was necessary for the maximum rate of growth, and 
hence it was not used so economically. 

It may also be observed that the chicks receiving the very limited 
amount of nitrogen present in the basal ration, and making very 
small gains because of that fact, did not retain so large a proportion 
of the nitrogen in the part used for cooking, as did those receiving an 
amount of protein which enabled them to make a more normal 
growth. 
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If it be conceded that the amount of nitrogen recovered in the 
•cooked chicks which received only the basal ration was the same as 
recovered from the same ration when associated with the additions 
of the protein coDcentrates, the difference between the amount of 
nitrogen in the cooked chicks produced under these two conditions 
may be attributed to that given in the supplementary protein 
concentrates. 

The data are arranged from this standpoint in the following table, 
in which the nitrogen recovered in the cooked chicks from the protein 
concentrates themselves is considered to be the difference between 
the nitrogen in the cooked chicks which received only the basal ration 
and in those receiving also beef scrap or cotton-seed meal. 



Grama of mtrogen per 
cooked chioken. 



Beef 

Borap 
lots. 

Expt. IV 17.20 

Expt. V 13.68 

Expt. VIII, o* 15.05 

h 15.51 



Cotton- 
seed 
meal 
lots. 

13.73 

15.57 

15.25 

15.73 



Basal 
ration 
lots. 

7.95 

7.40 

8.50 

8.50 



Grama of nitrogen 

recovered from 

the concentrate. 



Beef 
aorap. 

9.25 

6.28 

6.55 

7.01 



Cotton- 
seed 
meal. 

5.78 

8.17 

6.75 

7.23 



61.44 60.28 32.35 



29.19 27.93 



Grama of 
nitrogen 
added 
in each 
concen- 
trate. 

38.1 

35.8 

35.7 

35.7 

145.3 



One would hesitate to conclude from the foregoing results that the 
protein in one of the concentrates was a superior source of nitrogen 
to that in the other. About a fifth of the nitrogen fed in the protein 
x^oncentrates was recovered in the cooked chick. When considering 
the preceding table the following facts should be remembered, 
namely, that the feed was so given that all lots in an experiment 
ate the same amount of the basal ration, that the supplements to 
this ration constituted that much additional feed, and that the amount 
of feed was limited by the lot of chicks which ate its food least readily, 
and which was allowed to eat ad libitum. 

*ia rsfen to the lota which did not received eartra non-protein feeda, and b to those which did. 



Digitized by 



Google 



274 Bulletin No. 166.— 1914. 

THE RELATION OP THE GAIN IN LIVE WEIGHT TO THE NITBOGEN CON— 
SITMED IN THE FEED. 

In only three of the experiments was the nitrogen determined ini 
the cooked chicks at the end of the feeding period, in order that there 
might be obtained a measure of the efficiency of the nitrogen fed. 
in cotton-seed meal and in beef scrap. 

It is possible, however, to gain some idea of the relative efficiency 
of the nitrogen in the two concentrates by noticing the relation 
between nitrogen fed in rations containing these concentrates, and 
the gain in live weight. Especially is this true whenever the amount 
of protein fed was sufficiently small for it to become the principal 
factor which controlled the growth. 

Certain data are presented in Table XXIV for the purpose of 
making the above-mentioned comparisons. On accoimt of the 
difference in the age of the chicks, it is not always appropriate to 
compare the results of one experiment with those of another, but a 
strict comparison is justifiable between certain lots of a given 
experiment. 

In Experiment I it is probable that at least for a part of the time- 
lots I and II received less protein than was necessary for maximum 
growth, as indicated by the slightly greater average weekly gain 
made by lot III, which received more protein. It may be seen by 
reference to the table, that lot II, which received slightly less nitrogen 
in beef scrap per a given live weight than lot I which was given cotton- 
seed meal, made a greater gain per gram of nitrogen fed. 

A very liberal amount of protein was fed in Experiment II, and 
it is not probable that this ingredient was deficient in case of any of 
the lots. An idea of the liberality of the protein feeding may be gained 
by comparing the average amount of nitrogen fed per 100 grama 
of chick in this experiment (3.16 grams) with the similar value for 
"lots VandVI"and"lots VI andV'of Experiment VI (1.13 grams). 
This comparison is fairly justifiable for the average age of the chicks 
was about the same even though the duration of the experiments was 
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dififerent. It may be seen that the larger consumption of protein 
in this experiment did not result in much greater gains and that the 
gain in weight per gram of nitrogen fed was less in Experiment II 
thaD in any other experiment. Although it is plain that a deficiency 
of protein was not the main factor which controlled the growth in 
case of this experiment, it is of interest, nevertheless, to compare 
the results with rations containing the same amount or the same 
proportion of nitrogen in the two concentrates. It should be recalled 
that there were three different nutritive ratios in case of each con- 
centrate, and that the feeds were in this instance, not in all cases 
limited to an equal nitrogen basb. However, by reference to the 
last column in the table, it will be seen that lots I and IV happened 
to receive the same amount of nitrogen per chick, and that lots III 
and VI also received nearly the same amount per chick. In both of 
these comparisons it may be seen that the "gain per gram of nitrogen 
fed" was greater in case of the beef scrap lots. It may also be 
observed that the "nitrogen fed per 100 grams of chick" was only 

I per cent, greater for lot VI than for lot V, whereas the "gain per 
gram of nitrogen fed" was 9 per cent, greater in case of the former 
or beef scrap lot. Again, beef scrap lot VI received a little less 
nitrogen per 100 grams of chick than cotton-seed meal lot III and 
yet it made a larger gain. 

In Elxperiment IV, the beef scrap lot III consumed the same amount 
of nitrogen per chick and a little less per 100 grams than the cotton- 
seed meal lot II, and yet made considerably more gain. The reverse 
is seen to be true when a similar comparison is made between lots 

II and III of Experiment V, for in that case the gain was greater in 
case of the cotton-seed meal lot. 

In Experiment VI the gain per gram of nitrogen fed was more with 
the beef scrap lot (VI, 1st half) than with the cotton-seed meal lot 
(V, 1st half) for the first fifteen weeks of the experiment. For the 
remaining eleven weeks, during the first week of which a reversal 
of the concentrates was affected, the gain for the lot then receiving 
beef scrap (V, 2nd half) was less than that for the lot then receiving 
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cottoiiHseed meal (VI, 2nd half), although for the entire experiment 
beef scrap apparently produced a slightly greater gain per gram of 
nitrogen fed. 

In Experiment VII, the beef scrap lot was allowed to have more 
nitrogen than the cotton-seed meal lots, and it made a greater 
average weekly gain, but the gain per gram of nitrogen fed was not 
more. 

In Elxperiment VIII, the gain per gram of nitrogen fed was more 
with the cotton-seed meal lots than with the beef scrap lots, whether 
the; concentrates were or were not supplemented with an extra 
amount of nitrogen-free food. 

It will be observed that in the greater number of instances, there 
was a larger gain in live weight per gram of nitrogen fed in case 
of the beef scrap rather than the cotton-seed meal lots. 

The conditions were so different in a number of the experiments 
that it seems hardly justifiable to record the average relative differ- 
ence in the returns from feeding the two concentrates, especially 
as the results are not uniformly favorable to either one of them, but 
rather to invite consideration of the individual comparisons in the 
light of the specific conditions affecting each individual experiment 
as detailed previously. 

Experiments IV, V, and VIII each contained lots which received 
only the protein of the basal ration (low protein), those which 
received an additional amount of protein in either cotton-seed meal or 
beef scrap (medium protein), and those which had an extra addition 
of beef scrap (high protein). Inasmuch as the chicks in the three 
experiments were of about the same age and were fed similarly, the 
nitrogen consumed and the live weight for each individual week have 
been charted in Figure II. The low protein curves represent the 
average of one lot from each experiment, which received protein only 
in the basal ration. The medium protein curves represent the 
mean between the average for the three lots which received an addi- 
tion to the basal ration of only cotton-seed meal and the three which 
received only beef scrap furnishing the same amount of protein as 
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in the cotton-eeed meal. The high protein curves represent the 
average of the three lots receiving the extra amount of beef scrap. 

The parallelism between the number of grams of nitrogen con- 
sumed (broken line) per 100 grams of live weight (solid line) is readily 
observed in the case of each of the three planes of protein nutrition. 

It may be seen that the amoimt of nitrogen fed in relation to the 
live weight was, in the case of the mediiun and high protein rations, 
relatively high during the first few weeks of the experiment. Since 
this did not result in much greater gains in live weight, it seems 
probable that the proportion of protein was unnecessarily high for 
such young chicks, there being more than two grams fed per 100 
grams of live weight. 
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Fig. II. — ^Relation between nitrogen consumption and live weight at different 
ages of chickens grown on different planes of protein nutrition. 




NoTs: The amount of nitrogen indicated as being consumed when the chicka were of a given age 
refers to that received during the succeeding week. 
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SUMMARY. 

This bulletin contains the results of eight experiments which 
conclude the study of the value of different protein concentrates for 
the growth of chicks. Abstracts from the earlier, unavailable bulle- 
tins on the subject are also included. 

The work described herein was confined to a comparison of only 
the two protein concentrates, beef scrap and cotton-seed meal. In 
most cases they were fed on an equal nitrogen basis, and the mash 
including the cotton-seed meal was always consumed the least readily. 

A pepsin-pancreatin extract made from one of the lots of cotton- 
seed meal had no harmful effect upon rabbits and hens to which it 
was fed, and in no case were any observations made which proved 
that there was a toxic condition resulting from feeding cotton-seed 
meal as a supplement to a basal ration. 

The basal ration in such cases was so deficient in protein that 
a considerable amount of this ingredient could be added in the con- 
centrates without supplying enough for the maximum growth of the 
chicks. Under such conditions the amount of protein would be the 
main factor influencing growth. Furthermore, the non-protein 
constituents of the feeds were usually in such liberal amounts that 
the protein was probably mainly efficient as a source of nitrogen 
rather than as a source of energy. 

It was demonstrated by the results with certain rations that for 
the growth of young chicks it is more important within reasonable 
limits, for the amount of protein to be sufficient than that it be 
associated with a definite proportion of carbohydrates and fat; or, 
in other words, that there be a definite nutritive ratio. 

In certain of the experiments, the chicks were cooked after prep- 
aration in the usual way, and the amoimt of water, ash, protein and 
fat determined not only in the bones, but also in the meat and soup. 
In one case the livers were analyzed separately. 

Between the ages of about four to fifteen weeks, the chicks retained 
in the cooked portion about eighteen per cent, of the nitrogen con- 
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sumed daring that period in the mecEnm-protein rations in which 
eaae there was no onDeceasary wa&te oi Ditrogen. 

Together with the other data, the gain in lire weigbt per gram of 
nitrogni eonsomed is recorded f or aD of the experiments. In the 
greater number of instances, there was a larger gain in fire weight 
per gram of nitrogen fed* in caae of the beef scrap lather than the 
cotton-«eed meal lots. The conditions are so different, however, in 
a nnmber of the experiments, that it seems hardhr jostifiable U> 
record the average rebtive difference in the returns from feeding the 
two concentrates, but rather to urge a con^deration of the results 
of the individual experiments in the light of these conditions. 

If the constituents of bone are supplied, there appears to be no 
reason why cotcon-seed meal may not be used to furnish a consider- 
able portion ol the protein required by chicks, especially if a moder- 
ate consumption of food is satisfactory to the feedo*. If the most 
rapid growch b desired, regardless of the amount of feed consumed, 
beef scrap will be found more satisfactory since the chicks consumed 
more of the beef scrap ration when allowed to have all they would 
eat and made a more rapid growth in consequence. When limited 
to the same amount of nitrogen, however, the gains were not verj' 
different whether cotton-seed meal or beef scrap fonned a prominent 
part of the rations. 
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INTRODUCTION. 



The studies described in the present paper were begun at the 
Rhode Island Agricultural Experiment Station early in the year 1907. 
They were undertaken primarily to discover whether the decisive 
results which had already at that time been obtained with respect to 
the inheritance of definite imit characters in mammals, especially 
in the color of the coat, applied as well to birds, and to compaie the 
results obtained with the work which had been done with fowls and 
canaries. The investigations on these other birds had not given in 
general such clear-cut and definite results as those with the manunals. 
In the case of the fowls, this was undoubtedly in large part due to the 
complications introduced by color patterns, especially patterns 
resulting from the diversified coloration and markings of individual 
feathers. Pigeons seemed especially suitable for such a study, since 
they not only occur in a considerable variety of colors, but in most of 
these it is possible to obtain varieties of good self color, not complicated 
by any special pattern. 

In most of the inheritance studies on poultry, birds of widely 
different breeds, differing markedly in a large number of characteris- 
tics, have been crossed, introducing in this way a confusmg com- 
plexity of characters into the offspring. It seemed that a more inten- 
sive method, concentrating in a few well-defined diflferences within 
the same breed, might lead to results which would be obscured by the 
multitude of differing characteis present in birds of different breeds. 
Furthermore, it seemed less probable that characters presenting the 
same objective appearance would behave differently in inheritance 
within a single breed. Thus for example we have in different breeds 
of fowls both the dominant and recessive white plumage. While it 
is desirable that all characters of this kmd shoifld ultimately be 
investigated, it simplifies matters if, in the beginning, attention can be 
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concentrated upon one of them, and objective appearance can be 
used with some certainty as a criterion of the character. 

Tumblers were finally chosen as the subjects of the experiments 
for several reasons. Among these were the fact that Tumblers occur 
in a large number of well established varieties, not only of self-colored* 
birds, but of those with patterns as well. There are both "clean 
legged" and "muffed" varieties.! Furthermore, the Long-face 
Tumblerst are "good feeders," and can usually be depended upon to 
raise a good proportion of their young. Finally, they are smaller 
than some of the other breeds, and consequently consume less feed, 
which amounts in time to a considerable item. Since the offspring 
must be raised to maturity or at least until fully feathered, no returns 
could be expected from the sale of squabs, which would otherwise 
have been an argument for using a larger breed. 

Sources of Stock* 

The original stock used in the experiments consisted of a few pairs 
bought from pigeon breeders, and in one or two cases from dealers 
whose names were obtained from poultry journals. More experience 
at the beginning and a wider acquaintance with breeders would have 
led to a more careful selection of stock from reliable breeders and, in 
so far as possible, from those making a specialty of raising the par- 
ticular variety desired. Most of the later stock has come from such 
sources, which usually assures that*it has been bred pure for some time 
at least with members of the same variety. By some this lack of 
knowledge in certain cases of the past history and breeding of the 
stock used in the initiation of the experiments may be considered 
ground for criticism and for doubting the validity of the results 

*It Beema hardly necessary to explain that " «e2/-colored " means of the same color all over and 
without spots or markings. Blue and silver birds are, nevertheless, usually referred to as self* 
colored, although they have darker bands on the wings and tail. 

tFeathers on the legs, called the "boot" in fowls, are known as the "muff" in pigeons. 

$Short-face Tumblers have a short beak and high, protruding forehead. While this condition is 
inherited, and is chara,cteiistic of the variety, it is often exaggerated by breeders, it is said, who 
dent in the fore part of ttTe skull when the birds are young. Owing to their short beaks they hav« 
difficulty in feeding their young and it is a common practice to use foster parents to raise their 
squabs. Only birds of the long^faced variety have been used in these experiments. 
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obtained, as has been held with respect to certain of the work with 
fowls.* But while it is undoubtedly better to begin such studies in 
inheritance in as far as possible with stock which has been bred defi- 
nitely to a particular type for a long period, and is therefore presumably 
"pure" for those characteristics which mark that type, the chief 
advantage is that it makes the task of the experimenter an easier 
one, in that the genetic analysis to be made is less complicated. 
There is no reason why a perfectly valid analysis of the heritable 
factors should not be made from a beginning with cross-bred stock, 
but in general the process would be a longer one in that the earlier 
results would be complicated, and consequently more confusing. 

Furthermore, in attempting to obtain pure-bred pigeons one 
must depend entirely upon the word of the breeder. The purchase of 
prize winners in a particular color class, for example, at a show, would 
be no guaranty of obtaining pure bred birds, for it is well known that 
breeders often cross in with another color in order to effect improve- 
ment (as for example crossing red with yellows in order to improve 
the red, and conversely using red to improve yellow! See Goodwin, 
1913), and consequently the prize winner may not be homozygous 
with respect even to the color of the class in which it is shown. As a 
result of the lack of any requirement respecting pedigree and breed- 
ing, it may result that a bird will be entered in an entirely different 
class from its parents. 

As a matter of fact, the breeding experiments have shown that with 
one or two exceptions the pigeons procured for these experiments 
have been what they were represented. In one case, however, a pair 
of birds turned out to be obviously not what they had been repre- 
sented; and although they probably contained no factors which 
were not present in other birds in the experiments, they and all 
their progeny were disposed of for the simple reason that the charac- 
ters were too diverse and complicated for satisfactory analysis at 
that stage of the investigations. Finally, in pigeons, as in other 
animals, it is often only the rare individual which fulfills to a high 

*See for example Robinson. 19 10. 
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degree the exacting requirements of the "Standard," and such slu 
individual consequently has placed upon it a disproportionate vala- 
ation. In such cases, the other individuals, which do not approximate 
quite so closely to the "Standard," cannot, nevertheless, be considered 
as less purely bred. Accordingly, imless the experiments are con- 
cerned directly with the "fancy" points of the variety, these poorer 
birds often meet the requirements of the experiment fully as well as 
the prize winners. Thus, for example, if one were concerned only 
with the body color and markings of the Baldhead Tumbler, a speci- 
men with a "bull" eye* might answer these requirements perfectly 
well, although this character might disqualify it in show competition. 
It might be argued that the possession of this defect is an indication of 
"impurity" of breeding, as it imdoubtedly is in one sense. But 
this argument loses its force when we consider that the brother or 
sister of this bird may win a prize, although its breeding is exactly 
the same. 

Q>ncIuction of the Experiments: Acknowledgments* 

Although the first birds were bought in December, 1906, the experi- 
mental work really was begun in 1907. During that season the 
experiments were under the direct supervision of the writer, although 
the actual care of the birds and the taking of the daily records were in 
charge of the chief assistant in the department, Mr. W. F. Kirk- 
patrick.t In this work he was ably assisted by Mr. D. W. Kolbe, 
whose practical experience in the handling and breeding of pigeons 
was of the greatest value at the inception of the investigation. In 
October, 1907, the writer removed to New Haven, Conn., but arrange- 
ments were made whereby the work could be continued without 
interruption. As all descriptions (with very few exceptions) were 
made by -the writer, this necessitated frequent trips to Kingston; 
but it threw the routine of the experiments entirely upon Mr. Kirk- 
patrick, and it is safe to say that without his able and conscientious 

*Ixia dark brown or baiel instead of pearl or white. (See PL II, Fig. 7.) 

tNow professor of Poultry Husbandry at the Storrs (Connecticut) Agricultural College. 
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codperation the work could not have been continued under the cir- 
cumstances.* These arrangements were continued until July 1, 
1910, when, through the generosity of Dr. H. J. Wheeler, then 
Director of the Rhode Island Station, a part of the stock was trans- 
ferred to the University of Wisconsin, where the experiments have 
smce been continued. In lai^e part the present paper deals there- 
fore only with results obtained up to July 1, 1910; but for the 
sake of completeness, in many instances records obtained since that 
time have been added, or at least statements made relative thereto. 

At Kingston the breeding was conducted in a small building 
originally constructed as a pigeon house, but which had not been used 
for that purpose in a long time. The pigeons previously kept in it 
had all died, apparently of some epidemic, within a day or two. 
Not only was the room it afforded soon inadequate, but in some other 
respects the conditions were far from ideal. The location was in the 
midst of the poultry plant, which was badly infested with rats, and 
infected with coccidiosis, and many birds were lost from both these 
causes,t especially young birds which were confined in one of the large 
covered poultry yards. 

Material and Methods* 

At the beginning of the work an attempt was made to secure 
representative pairs of the different self colors occurring in Tumblers, 
and it happened that the first ones secured were a pair of reds (cf 1 A 
and 9 2 A) and two yellows (3 A and 4 A). It turned out however 
that both the yellows were females, so that it was a matter of chance 
that the first cross matings were between the reds and a pair of 
blacks (c?* 6 A and 9 7 A). As it happened, this chance occurrence 
gave direction to the major portion of the investigations for a con- 
siderable time, and the results of the red-black crosses form the 

^Acknowledgment la due to the authorities of the Sheffield Scientific School of Yale Univeraity 
for penniflflion to carry on this investigation in addition to my regular duties as instructor in that 
institution. 

fWith reference to coccidiosis in pigeons see Cole and Hadley, "Blackhead in Turkeys: A study 
in avian coccidiosis/' Bull. 141, R. I. Agr. Ezpt. Sta., 1911. 
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most complete and detailed portion of the present report. It is 
interesting to note that if the initial crosses had happened to be 
between the reds and yellows we should probably have discovered 
the sex-linked relation of the intensity factor in pigeons two or three 
years earlier than we did. 

Later additions to the stock consisted of whites, blues and silvers. 
These latter (i. e., the blues and silvers) could be found of good color 
only in the muflfed varieties. No good duns were found in the regular 
Tumblers, and stock of this color was introduced in the Parlor or 
Inside Tumbler variety. More recently some of the distinctive 
patterns have been obtained and studied, and it has now become 
necessary even to extend the field of investigation to cover other 
breeds in order to test some of the points that have arisen. 

The matings desired were made in the ordinary manner, that is, 
the male and female are placed in continuous cages with only a 
wire partition separating them, and are left so until they become 
acquainted and the female has reached that stage in her sexual cycle 
at which she will receive the attentions of the male. The two birds 
are then left together until well mated, after which, under ordinary 
conditions, their continued conjugal fidelity is fairly certain. The 
breeding pairs were not separated, but were kept together in a single 
room with attached outside fly. In the room were provided nesting 
places for at least twice as many nests as the number of pairs of mated 
birds. The cross-mating between diflferent pairs cannot in this 
way be absolutely prevented without proper precautions, but with 
sufficient care and vigilance it may be rendered extremely unlikely. 
The danger of its sometimes taking place, however, may at first 
thought seem to introduce a serious element of experimental error, 
and only one who has had practical experience in raising pigeons can 
appreciate how small this danger really is if sufficient attention is 
given to it. 

One of the chief precautions to avoid cross-mating is to have no odd 
birds of breeding age in the pen, but to be sure that all are mated 
pairs, and that they are going normally through their regular cycle of 
mating, nest building, laymg, incubatmg and caring for the yoimg. 
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If one bird of a pair becomes sick or disabled, both birds of the pair 
must be removed at once or trouble is likely to result. It is necessary 
also to be familiar with the individual birds and by daily observation 
to see that the proper birds are together. To facilitate these obser- 
vations colored leg bands have been employed to a considerable 
extent, the same colors being put on the two birds of a pair — on the 
right leg of the male and the left leg of the female; and in other 
instances the birds have been marked by staining some of the feathers, 
and by other means. Furthermore, all nests are gone over daily in 
order to record new layings, hatching, etc., and to make certain that 
the rightful owners are sitting on the eggs or young. By these means 
cross-mating may, as has been said, be reduced to an almost negligible 
minimum, and a watchful caretaker, familiar with the habits and 
normal behavior of the birds, can usually detect at once any suspicious 
cases or cases of actual cross-matmg. 

In view of the above facts it is felt that all necessary reliance 
may be placed on the breeding records here recorded. On the other 
hand, the possibility of error is ever present when the pairs are not 
separated, and is not only unsatisfactory, but is a source of annoyance. 
Consequently it has recently become the practice, as fast as possible, 
to get all the pedigreed mating pairs into separate pens, and beginning 
with the present season (1914) it is planned to conduct all the breeding 
experiments in this way. 

At the time of taking the daily records, all newly laid eggs are 
marked with their matmg number and letter designating the indi- 
vidual.* For a considerable period one of the eggs was removed to 
an incubator shortly before they were due to hatch, and the squab 
hatching from it was marked with a thread around the leg before it 
was returned to the nest. In this way it was possible not only to keep 
track of the parentage, but to know also whether a squab came from 
the first or second egg laid.f 

*For an account of the method of record keeping employed see Cole (1000) . 

fXhe apecial results gained from this work will be reported upon in a subsequent paper. 
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The Colors of Pigeons* 

The fancier commonly recognizes seven principal or "primary'' 
colors in pigeons, self varieties of all of which exist. These are red, 
black, yellow, dun, blue, silver and white. Though commonly 
included among the "selfs," the blue and silver varieties are often 
referred to as "barred,'' since in the case of these shades the body is 
not uniformly colored as in the others, but there are bars (black in 
blues, and dun in silvers) across the secondaries and at the tip of the 
tail. A general account of these different colors and their relations 
in inheritance will first be presented, and this will be followed by a 
statement of the experimental results upon which it is based.* 

Red. 

Red may be called the fundamental color in pigeons as is probably 
the case in fowls and in most mammals. It appears to be potentially 
always present, and if we let the factor for its production be repre- 
sented by the letter fl, we may say that apparently the factor R b 
never lacking from the gametic formula of pigeons. Therefore in 
the absence of other modifying or inhibiting factors a pigeon will be 
red. This, at least, is the name given the color by the fancier, though 
in reality it is a rich brown or chestnut.f There is considerable 
variation in the shade of the red, it being in some cases rather bright, 
or "sorrel,'' and in others a dark "dunnish or brick red," or of a 
purplish cast, which we have usually referred to as vinaceous. This 
last is sometimes called "plum color" by the fancier. For present 
purposes, however, it will suffice simply to refer all these shades to the 
single category red, since in all probability the variations (such as are 
not due to age, fading and the like) are attributable to distinct 
modifying factors. In certain cases this is actually known to be the 
explanation, and it is believed that further investigation will resolve 
the others in the same manner. The color may be modified over 

*A detailed study of the colon and pigmenta involved has been made in the Experimental Breed- 
ing Laboratory of the University of Wisconsin, by Dr. Orren Lloyd-Jones, and will soon be pub* 
lished. 

tVery dose to the "pecan brown" of Ridgway (1912). 
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the whole body, but more usually it is certain regions, such as the 
rump, lower belly or flanks that show a different shade. 

Black. 

Black is due to a single factor added to the red. It is definitely 
dominant* to red, as will be shown in the discussion of escperimental 
results. In the blacks, again, there is much variation in shade, but 
the color desired by the fancier is a good deep, dead, black, or "coal 
black," as it is sometimes designated. The principal defects in black 
are : (1) " weakness " of the black, resulting in reddish tips, causing a 
reddish suffusion especially on the breast, and "mealiness," that is a 
mixture of red and black, especially evident in the inner vanes of the 
primaries; and (2) a tendency to bluish. This is especially apt to 
occur in certain regions, such as the rump and base of tail. We 
have good reason to believe that these modifications are due to definite 
heritable factors, but they have not as yet been clearly worked out 
and their discussion is accordingly reserved until a future time. 
It is to be expected that the same factors modify the black as are 
responsible for the differences in red, but it has proven a matter of 
some difficulty to correlate them in the two cases, and in some 
instances it seems quite certain that the factors act upon the black 
pigmentation only. 

In the case of both red and black the color is not so deep in the 
first definitive, or juvenal, plumage as it becomes after the first 
molt. The juvenal feathers, moreover, in addition to carrying the 
yellowish nest-down at their tips for a considerable time, are often 
deficient in black pigment at the distal margin. This leaves the tip 
much lighter in color, resulting in a light lacing of greater or less width. 
It may be a mere trace of buff or reddish; at other times it is a broader 
definite band; or again it may shade insensibly into the black. The 
former condition gives the appearance of more or less definite lacing, 
while the latter imparts a general reddish or "coppery" suffusion 
to the region in which it occurs. The lacing is usually more marked 
on the head, neck and wing coverts, while the breast shows the reddish 

*Ot, strictly speftkiog, epUtatio. 
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suffusion. As has been indicated, the reddish color at the tips of the 
Juvenal feathers may vary greatly. In some cases it is light buffy, 
in others, dark chestnut red. It may appear even darker than the 
red of red birds, owing no doubt to its association with the black 
pigment of the black birds. This condition of red showing in the 
plumage of black birds is referred to by the fancier as "kitiness" 
(Staples-Browne, 1908, p. 75). 

After the first molt, with the advent of the second plumage, the 
buffy tips are usually entirely lost, although in certain cases a reddish 
suffusion of the breast (sometimes not easily distinguishable from the 
iridescence of this region) is retained throughout life. In birds which 
retain the reddish color on the breast the black is usually weak in 
other parts as well, and red conunonly shows especially in the inner 
vactes of the primaries. 

Not all black birds show buffy edgings in the ju venal plumage, 
but there are usually some traces of the light tips. Their occurrence 
does not appear to depend upon the homozygosity of the factor B 
(black), but rather upon some factor or factors which determine 
the strength of the pigmentation. The term ^'strength" as here used 
is not to be confused with " intensity,'* to be discussed presently. 

Indications of blue in the plumage, or even definite blue areas, 
occur on many black pigeons. The birds may be black in all parts, 
but show a bluish or leaden overcast, resembling in appearance some- 
what the "bloom" on a ripe plum. The fancier calls this condition 
"plum" or more often refers to it as a "hard" black, in contrast to 
the "soft," deep velvety black which is desired. Black birds may 
have a blue rump, in which case the basal two-thirds of the tail 
also is commonly dark blue, bringing into contrast the darker terminal 
band at the extremity of the tail. Quite frequently in such birds 
the undercolor, that is the color of the basal parts of the feathers which 
are normally covered by other feathers, is "weak" as regards black 
pigmentation, and has more or less of a bluish appearance. The 
inner vanes of the secondaries also may be bluish. 



Digitized by 



Google 



Studies on Inheritance in Pigeons. 323 

It is hoped later to be able to give a more complete analysis of the 
factors which are concerned in producing a good uniform black 
plumage, but in the present paper all the conditions described above 
are classified as "black/* The breeding behavior proves this to be 
legitimate, since a single factor is responsible for black pigmentation, 
whereas a number of factors are concerned in making a good black 
bird in the fancier *s sense. 

YcBow- 

The presence of an intensifying factor is necessary for the produc- 
tion of red as described above. If this factor (/) is absent the color 
is much lighter in shade and is known as yellow. Like the other 
colors described, it varies considerably, but what the fancier would 
consider a good yellow is about intermediate between "capucine 
buff" and "apricot buff" of Ridgway. Aside from variation in the 
shade of the color, some birds being lighter yellow and others darker, 
a dusky appearance, especially on rump and tail, is not infrequent. 
This may be due to the same factor which produces the dusky or 
purplish color in the same regions in reds, but the correlation of the 
two characters has not as yet been established with certainty. In 
spite of the variations, however, there is no difficulty in distinguish- 
ing the categories red and yellow. 

As has been pointed out in a note published elsewhere (Cole, 1912), 
the / factor is definitely sex-linked in its inheritance. The question 
of sex-linked characters in pigeons is however, to form the subject of 
another paper, to be published soon, and accordingly, in this con- 
tribution, the factor / will be treated as though it were an ordinary 
Mendelian factor, sex not being taken into account. Sex being left 
out of consideration, there should be, of course, no disturbance of the 
ordinary Mendelian ratios, it being only necessary to bear in mind 
that all intense females are heterozygous for the factor /. 

Dun* 

This is the dilute condition of black, thus bearing the same relation 
to black that yellow does to red. In other words, a dun bird is a 
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black which lacks the intensity factor /, and in fact there seems to be 
no better description of it than to say that it is a less intense black. 

Dun vaiies greatly in appearance, and in our breeding it has been 
less usual to get good uniformly-colored duns than any other color. 
Duns commonly show silver where blacks are bluish; in our duns, 
furthermore, we find a great tendency to the check marking, a con- 
dition which will be dealt with further on. As a rule, nevertheless, 
blacks and dims may be distinguished without difficulty, though in 
the case of young birds doubt may sometimes exist as to the category 
in which they should be placed. Usually, however, the doubt may be 
dispelled by close examination and comparison with other birds. 

There apparently is no regular dun variety of Outdoor Tumblers, 
but it is a well recognized color of Parlor Tumblers, and our dun 
birds have largely come from this source. It is, however, of course an 
easy matter to breed duns by mating birds containing the B factor 
with others lacking J. Thus, by way of example, we may consider 
the mating of black and yellow. If the male is yellow {bbii) and the 
female black (BBIi, that is heterozygous for / on account of the factor 
being sex-linked) all of the resulting female offspring in Fi will be 
dun, while the males will be black (see Cole, 1912, Case 11). In the 
reverse cross, black male (BBII) with yellow female (bbii), the Fi 
offspring will all be black, but a certain proportion of dun birds will 
appear in F2. 

Blue. 

This is the color of the wild Rock Pigeon {Columba livia Linn.) 
which Darwin believed to be the source from which all our domestic 
pigeons have been derived. The so-called blue of pigeons corre- 
sponds to "blue'' and maltese in such other animals as maltese cats, 
"blue" rabbits, the Blue Andalusian fowl, etc., and is in reality not a 
blue but a neutral shade or gray. It corresponds closely to Ridgway 's 
"gull gray" (Ridgway, 1912, PI. LIII). The optical effect is due to a 
different arrangement of the pigment in the barbules from that which 
obtains in blacks. In blues the pigment is aggregated into clumps. 
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while in blacks it is spread rather uniformly throughout the barbule. 
The microscopic appearances have been fully worked out by Dr. 
Lloyd-Jones and will be pubUshed by him (cf. foot note, p. 320). 
As the cltmiped condition which obtains in the wild pigeon as well as 
in domestic blues is recessive to black, in which the pigment is 
extended or spread through the barbule, we have assumed that this 
eictension is due to a spreading factor, which we have accordingly 
designated as the factor S. 

It has been mentioned on a previous page that blues in one sense 
should not be classed as self-colored, since they always have black 
wing bars and the black terminal band on the tail. This is true, at 
any rate, of blues of the wild tyx)e, such as occur among Tumblers and 
Homers. There are breeds of pigeons in which the wing is blue 
without black bars, or in which the black bars are partially or wholly 
replaced by white. We have, however, made no investigation of 
these varieties; accordingly the present discussion is based on blue 
as it occurs in the wild Rock Pigeon. The presence of the black bands 
in blues might be accounted for by assuming that although S is absent 
from other parts it is never absent from the regions of the bands. 
But we are led into a logical dij£culty here if we postulate that iS is a 
factor which segregates in the germ cells, and which must accordingly 
either be present, and presumably fully active in each resulting 
zygote, or else must be absent entirely. This conflict with the 
presence-and-absence hypothesis may, of course, be avoided by turn- 
ing the explanation about and simply saying that the bars are regions 
which are from some unknown cause physiologically of such a nature 
that the pigment there spreads through the barbules regardless of S, 
while in other portions of the plumage it is unable so to spread without 
the stimulus supplied by the spreading factor. The ease with which 
the presence-and-absence hypothesis may be supported by such 
sophistical arguments is its greatest weakness, and the principal 
reason for its common use is probably its convenience in expressing 
the relation of positive (dominant) and negative (recessive) characters. 
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If a blue bird is then of the oompositicm of a black, but lacking 5, 
we should naturally look for a fflmilar condition in the red series, in 
which B is lacking. Theoretically such birds should be obtained in 
Ft by crossing blue and red as follows: 

Blue (RRBBss) X Red {RRhbSS) 
Fi Black (RRBbSs) 

1 RRBBSS 

, , 2RRBbSS { 1 RRBBss ^ t, . f 1 RRbbSS , „^., 

Fi9 Black ^ 3 Blue 1 3 Red J IRRbbss 

^RRBbSs 

From this it will be seen that in Fs one bird in sixteen should lack 
both B and S, and it was expected that this would be some form of 
red corresponding to blue. It was thought that possibly this con- 
dition might be represented by the color which occurs regularly 
among Homers, known as the Red-barred. In this variety the 
general body color is bluish, but the bars on the wings and the terminal 
band on the tail are red instead of black. In crosses made to test 
this point, however, no birds of this character were ever produced, 
and it seems probable now that the condition known as Red-barred 
in Homers, is really dependent upon another factor, acting on what 
would otherwise be an ordinary blue bird with black bars. This 
factor is sex-linked in its inheritance and will not be dealt with in 
the present paper. As a matter of fact then S appears to act only 
upon By and not upon R, At any rate we have not as yet been able 
to identify any of the variations in red as correlated with the presence 
or absence of S. 

Silver* 

Silver is the dilute condition of blue, and accordingly bears the 
same relation to blue that dun bears to black. A silver is therefore 
of the composition of a black, but lacking both factors S and / 
{RRBBssii). In color it is very similai to blue, but lighter, or less 
intense, and the wing bars and tail band are dun instead of black. 
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It will thus be observed that the factor I affects all parts of the 
pliimage, there being no exception in special regions. 

The interrelation of the colors so far described may be illustrated 
succinctly by a diagram (Fig. 1). Each horizontal block of squares 
may be taken to represent a small portion of a barbule, the small 
squares defining the original cells of the barbule. No attempt is 
made to represent the actual color, shape or size of the granules, but 
only the relations of the different conditions. The intense series is 
represented in the left-hand column, the dilute series to the right. 
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FiQ. 1. Diagram representing the colors red, yellow, black, dun, blue and 
silver. 

White* 

The white color of pigeons is not due to the presence of a white 
pigment, but to the reflection of light from the feather structures 
in which pigment is lacking. In this respect white pigeoas agree 
with white birds and mammals generally. Good self whites are 
common, but the inheritance of white is not a simple matter, as will 
be seen. 

The few investigators who have worked with pigeons are con- 
siderably at variance in their accounts of the manner of inheritance 
of white pluihage. Thus Darwin (1900, "Animals and Plants under 
Domestication." First edition published in 1868) in his classical 
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experiments in which the "reversionary blue" pigeons were obtained 
"crossed black Barbs (of two excellent strains) with purely-bred, 
snow-white Fantails. The Mongrels were generally quite black, with 
a few of the primary wing and tail feathers white: others were dark 
reddish-brown, and others snow-white" (Z. c, p. 206). The Black 
Barb is a self-black, having no white at all; the White Fantail is 
snow-white as Darwin states. This experiment has been repeated 
in recent times by Staples-Browne (1908) with similar results. He 
says (p. 69): "The F. 1 generation shows a dominance of black to 
white, and the further matings show that blue is also dominant to 
white. This dominance of the coloured to the non-coloured type is, 
however, imperfect, as the majority of birds produced from the mating 
of black or blue with white show some white feathers, chiefly on the 
rump." 

Although it is concluded from the foregoing experiments that the 
colored condition is dominant to white it is to be noted that it cannot 
be considered by any means a complete dominance at any rate. 
Doncaster (1911) has investigated the matter further, and his results 
show even greater lack of dominance of self color. From a cross 
between a White Fantail cf and Red Tumbler 9 {I c, p. 90) 10 
"smoky black" or "deep smoky brown" young were obtained, all 
however, with more or less white markings. White Fantail c?" X 
Black Fantail 9 (p. 94) gave 13 young, all pied; 10 had more white 
than black, 3 more black than white. Two matings of the reverse 
cross were made, that is. Black Fantail c? X White Fantail 9 (p. 95). 
The first gave 7 young resembling those of the preceding series, but 
with the black and white more evenly distributed. With a second 
white hen the same cock produced 12 offspring similar in general 
appearance, but with a greater range of variability and with a larger 
proportion showing a preponderance of white. As Doncaster had 
some doubt of the purity of the blacks used in these experiments he 
obtained two others of pure breeding and repeated the crosses (p. 97), 
but with essentially similar results. 
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Morgan (1911) has crossed a Blue Swallow cock on White Fantail 
hen and obtained seven offspring, all pure whiUj except that two of 
them has two or three slate-colored feathers near the outer edge of the 
wings. It should be noted that the Swallow is not a self-bird, but 
is colored on the top of the head, wings and muff, the other parts 
being white. Finally, Bond (1912 and 1913) has reported incidentally 
a cross between White Fantail and Black Tumbler and between Black 
Fantail and White Fantail. All his Fi birds are splashes, and the 
further generations seem to accord very closely with the experimental 
results given further on in this bulletin. 

The difficulty of interpreting all whites as recessive was recognized 
by Staples-Browne for in a cross of a White Fantail cock with a White 
Tumbler hen (1908, p. 95, ff.) he obtained six white offspring and 
three white with a few colored feathers. From two Fi birds of the 
latter class bred together 10 Fj progeny were obtained : 4 white ; 4 white 
with a few colored feathers; and 2 "tricolor," that is red and white 
with some blue feathers. To account for these results, which would 
be incomprehensible if white were strictly recessive, Staples-Browne 
concludes that "the appearance of some coloured birds from these 
matings suggests the possibility that in the White Tumbler a dominant 
white factor, comparable with that known in fowls, may exist." 

It is well known to the fancier that in general whites bred to selfs 
or to near-selfs produce for the most part " splashes," the term applied 
to white birds with a greater or less amount of colored feathers. These 
do not occur in the form of a defiuite pattern, although they are 
commonly more numerous in certain regions than others as will be 
described later. As a matter of fact the white pigeon is undoubtedly 
to be considered as the condition of extreme reduction of spotting, for 
it corresponds in all respects with those white mammals in which the 
production of pigment has become restricted to the eyes, as, for 
example, in white guinea-pigs with dark eyes. This interpretation 
is borne out by the fact that it is very difficult, if not impossible, to 
obtain white pigeons which will always throw perfectly white offspring 
without any colored, or "foul" feathers as the fancier calls them. I 
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have been told by Tumbler breeders that m their experience there are 
no white Tumblers which do not occassionally produce offspring 
with some foul feathers. These may be limited to a very few, pos- 
sibly only one or two small feathers, on the head, in which case they 
are usually found around the eyes. It is often only by special care 
that such feathers are not overlooked. If there are not too many foul 
feathers they are commonly removed by the fancier prior to showing, 
and such a bird, if sufficiently good m other respects, might even 
secure the first prize in the class for pure white birds.* Whether 
absolutely true-breeding white varieties occur in other breeds, I am 
unable to say; but I think there is no doubt that in the White Fantail 
and in the White African Owl there is a much greater tendency for 
the white to come absolutely true. Nevertheless, Staples-Browne 
(1908, p. 72) records that a bird he obtained from a well-known 
breeder of Fantails acquired a black feather at the molt following its 
purchase, and that at the various successive molts the replacing 
feather m this position was always black. No foul feathers appeared, 
however, in this bird's progeny. As Staples-Browne has reported 
(Z. c, p. 96), there appears to be a tendency for dark or "bull" eyes 
to accompany white plumage, and he states that if even "one or 
two coloured feathers are present in the pliunage the correct eye-color 
is more easily produced." For this reason, in those breeds like the 
Tumbler, in which the Standard calls for a pearl eye, breeders often 
cross in with splashed birds in order to improve the eye-color.f This 
in itself may, of course, account for the difference in tendency to 
produce a few foul feathers, or even definitely splashed birds, in white 
varieties of the different breeds. 

A true albino pigeon, that is a pure white bird with pink eyes,t 
has never been reported, so far as I am aware. IJDdoubted cases of 

*A "legitimate" amount of "fitting" of thia kind for the show is not considered unethical either 
wiUi pigeons or fowls any more than washing the feathers of a bird in order to have it clean and in 
good condition, and is not classed as " faking." There seems to be no definite line between the two, 
however, and "faking" usually begins at the point where it becomes conspicuous enou^ to be 
detected by the judge. 

tC/. also Chapman (1911), p. 46. 

tThis refers of course to the pupil and not to the iris; white birds with pink or red iaam are 
frequent. 
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albinos among wild birds are nevertheless on record. There is no 
reason to doubt that such a condition would behave in inheritance as 
albinism does in mammals^ namely, as a simple Mendelian recessive 
to pigmentation. 

In view of the facts set forth above there seems no legitimate 
reason for considering white plumage, as it occurs in pigeons, as a 
recessive character, nor in distinguishing in this respect between the 
white of the Tumbler and Fantail. It seems better, as a piovisional 
hypothesis, to regard white as due to an indefinite number of factors, 
the amount of white in the plumage depending upon the number of 
these factors which may be present. According to this interpretation 

each factor (TFi, TTj, Wz, W^) represents to a certain degree the 

inhibition of pigment production, and it may or may not be definitely 
located as to the place of its expression. It is not necessary to assume 
that these factors are all of equal value: some might lepresent very 
little white, others a considerable amount. Or indeed, they might 
even be qualitatively different; for example, some might produce the 
same amount of white whether present in duplex or simplex condition, 
while others might produce an intermediate amount of white when in 
the heterozygous condition. To be specific, WiWi might produce as 
much effect as WiWi, that is to say Wi is completely dominant. 
On the other hand, in the case of anothei of the "white" factors, say 
Wi, the heterozygous condition, W2W2 might produce only half as 
much white as would result from the homozygous presence of the 
factor, WiWi. 

This explanation is advanced only as a convenient foimula, in 
line with the multiple-factor h3npothesis in general. It would be 
very difficult of proof, especially in pigeons, where it is impossible to 
obtain anything like adequate numbers of offspring, and consequently 
very little has been done towards an analysis of the factors. A sug- 
gestion along much the same line was made by Doncaster (1911, p. 97) 
to account for the perplexing results obtained by him, but it is evident 
that such simple formute as he proposed will not explain the compli- 
cated conditions which exist. 
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The Markings of Pigeons* 
Splash* 

As has been stated in the foregoing section, Splashed birds are 
those in which there is an intermingling of white and colored feathers, 
but without definite pattern. The condition was explained on the 
assumption of an indefinite number of determiners for white. When 
the bird is predominatingly colored, and the white occurs in fahly 
distinct spots, it is sometimes spoken of as "mottled" with white; 
but as there is a variety of Tumbler with a fairly distinct color pattera 
which is known as a Mottle, confusion is apt to arise in the use of this 
term. Moreover, imless the white spots form a definite pattern, 
there seems no good reason for taking such birds out of the series of 
Splashes. 

In Splashes both red and black, or partially red and partially 
black, feathers may be found on the same bird; and these may be 
distributed without any apparent order. In certain cases, feathers of 
a particular color may regularly occur in a definite region, as blue 
feathers with black terminal bands in the tail. Such a bird is to be 
explained as one which has the requisite factors for blue tail, but can 
only show the blue in such parts as the T7-f actors are absent, and hence 
expression of the color is not inhibited. As regards the separate 
occurrence of black and red in the contour feathers, there are probably 
factors which act on black alone in a way similar to that in which the 
T7-factors are assumed to affect all pigmentation. In other words, 
there are restriction factors which act specifically on the factor B. 
One such factor has in fact been determined and its inheritance, which 
is sex-luiked in behavior, worked out in some detail. It will receive 
consideration, with other sex-linked characters, in a future paper. 

It should be noted that, although feathers in the categories red, 
black, and blue may occur on the same splashed bird, the same is not 
true of intense and dilute. In other words /, when present, affects 
all parts of the plumage, as well as beak and claws, and all pigmented 
feathers will be intense. If the intensity factor is absent all pigment 
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will be dilute. This fact is a great convenience in determining the 
presence or absence of 7 in birds which are practically white, for the 
presence of a single pigmented feather is sufBicient to settle the point. 
In some cases one or two minute feathers above the eye, though so 
small that it has been necessary to examine them with a hand lens, 
have made it possible to tell whether the bird should be classed as 
intense or dilute. 

Should the factor B be lacking, the splashed bird will have only red 
or yellow colored feathers, depending on whether or not it carries the 
intensity factor. The absence of feathers containing black pigment 
is not in itself, however sufficient evidence, for assuming that B is 
entirely absent, for it may be that its expression is inhibited in those 
X>arts where it would show except for the TT-factors. This readily 
accounts for the fact that two Splashes showing only red and white 
may produce offspring with black feathers. The condition is there- 
fore directly comparable to that of tricolor Guinea-pigs. 

Special Patterns* 

By the term pattern as here used, is meant a combination of white 
and colored areas to form a more or less definite marking. This 
restriction of the word to combinations involving white is arbitrary 
and is made only for present convenience, since dififerences in color of 
pigmented parts (e. g., blue rump, blue tail on black bird, check, etc.,) 
are treated separately. As a matter of fact most of the distinctive 
patterns are dependent on the distribution of white areas. In 
Tumblers several well-recognized pattern varieties are foimd : Mottles, 
Rosewings, Beards, Baldheads, Whitesides, Saddles and Badges may 
be mentioned. Each of these patterns may occur, theoretically, in 
any of the colors which have been described for pigeons, though as a 
matter of fact some of them are not regularly found owing to their 
not being popular among fanciers. 

According to Standard requirements the various patterns should 
be very definite in their limitations, but in actual breeding practice 
they are far from being so. In birds of good breeding the white and 
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colored areas will be reproduced in a general way, but there is great 
variation in their extent, the boundaries may be irregular, white 
feathers may invade the colored areas, or conversely colored feathers, 
may occur on parts that should be pure white. Consequently, it is 
only the occasional bird that conforms closely to the ideal set up in the 
Standard. The same diflSculty is experienced, of course, by breeders 
of live stock and of domesticated animals in general. The variation 
which occurs in the marking of the Dutch rabbit, in spite of all selec- 
tion, may serve as an example. 

It is not the purpose of this paper to discuss whether the fluctu- 
ations of this character are due to variation in the heritable factors 
or genes concerned themselves, as maintained by Castle (1914), or 
whether they should be accounted for by postulatmg a larger number 
of invariable factors (East, 1913). In our present state of knowledge 
of the subject either theory might be used to explain the known fact^. 
It does seem certain, however, that the main features of the pattern 
are dependent upon definite factors, whether inunutable or not, and 
that these factors are of the same general nature as the TT-f actors 
already postulated in that they are inhibitors of pigment formation. 
They differ from the TF-factors only in the matter of more definite 
localization of expre^ion. It is not improbable that there are inter- 
grades between the two types, and there is no doubt both kinds are 
often present together in splashed birds. 

That more than one pattern-factor is concerned in most of the 
patterns that have been mentioned above is easily discernible from 
an inspection of the characteristics of the varieties themselves. Thus 
we find that the Rosewing is simply the Mottle lacking the markings 
on the back, but retaining those on the wings; the Badge has practi- 
caUy the same markings on the head as the Saddle, but differs on the 
wings and body in that only the primaries should be white, while in 
the Saddle the whole wing and belly are white; and other similar 
examples might easily be adduced. Since, however, the experimental 
study of pattern inheritance is not to be included in the present 
bulletin, the above may stand for a general account. 
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Check** 

There is no regular variety of checkered Tumbler, and the marking 
which crops out frequently in crosses, is considered a defect. As a 
regular varietal marking it is probably best developed in the Homer. 
In general appearance it consists of light triangular markings on the 
wings, but it exists in varying degree, and is by no means a simple 
condition. There appear to be two principal types of check, though 
they may grade lather insensibly into each other. The first type, 
which we have called the central shaft type, is due to a light V-shaped 
marking at the distal end of the feather, the narrow end of the V 
extending up the central shaft of the feather. The other we have 
designated the inner-vane type of check, since in this case a greater or 
less portion of the inner vane of the feather is lighter in color than the 
outer vane. A specimen largely of this type is illustrated in Fig. 1, 
PI. I. As the feathers naturally lie on the bird only the outer vane 
and a portion of the inner vane at the tip are exposed; as a conse- 
quence the second type may produce essentially the same appearance 
of check as the first. In black birds the lighter portion of the feather 
in either type is blue or bluish, while in dun birds it is silvery. It is 
doubtful whether the factor or factors which represent check can gain 
expression unless B is present in the gametic formula of the bird. 
While Red and Yellow Tumblers may not always be perfectly uniform 
in coloration of the wing coverts, still they do not show a definite 
check.f 

Bonhote and Smalley (1911), who used birds in which checking is 
a characteristic marking (Dragoons and Homers), found check 
dominant to self-color. Bateson (1909, p. 43) had previously made 
the same statement on the authority of Staples-Browne (see Bonhote 
and Smalley, 1911, p. 607, footnote). 

•Enslish spelling, (eJieque.) 

fit may be recalled (cf . p. 326) that B is probably present in certain Red Homers. 
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Grizziingf MealinesSt Frosting, Etc* 

The inheritance of the characters mentioned in this section is not 
considered in this report, but mention of them is included for the sake 
of completeness. Like checking they are markings of the individual 
feather. They may be confined to comparatively few feathers in the 
plumage, or may be extensive, in which case they modify markedly 
the appearance of the bird. 

Grizzling, A grizzled feather, according to Bonhote and Smalley 
(1911, p. 602) is "one in which the barbs are partially white and par- 
tially coloured." In common usage, howevei, the term is employed 
somewhat more loosely to designate any condition which owing to a 
rather intimate mixture of black and white or blue and white has a 
"grizzled" appearance. 

Mealiness, In a mealy feather the white is wholly or partially 
replaced by red. A typical appearance is that of a sprinkling of 
black and red dots.* 

Bonhote and Smalley (1911, p. 619) present the foUowmg con- 
clusions with respect to the inheritance of Grizzle and Mealy if 

"Chequering is dominant to its absence.(i. e. a Self -colour). 

"Grizzling is dominant to its absence (i. e. a Self -colour). 

"Grizzling is dominant to Chequering; the impure dominants 
may however sometimes be easily distinguished. 

"A Mealy is a Grizzled bird with the White wholly or partially 
replaced by Red. 

"Red in a Mealy is apparently dominant to White, and hence a 
Mealy is dominant to a Grizzle. 

"White and Grizzling when they have met combine together and 
have a common inheritance. 

"Red combines with Grizzling in the same way as does White." 

*In what has been said of black, red and blue, it must be understood, of course, that the same 
applies to the dilute condition of these colors. 

fPhe "Self-colour" referred to by Bonhote and Smalley is the condition lacking our factor S; 
that is, they were blue and silver barred birds. It is undoubtedly for this reason that he found 
checking behaving as a dominant. 
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Frosting. I am not sure that this is a term regularly used by the 
fancier, but it is one we have employed to describe a condition which 
in general appearance is rather like grizzling. It is due to the presence 
of white distal margins on the contour feathers. It is a condition 
much like kitiness, but with the red tips replaced by white, which of 
course gives a very different general effect. Frosting occurs com- 
monly to some extent as an intermediate condition on Mottles and on 
cross-breds between Mottles and self-colored birds. It is inter- 
mediate between the wholly white feather which makes the character- 
istic mottle marking, and the wholly colored feather of the plumage 
in general. 

Various other markings of individual feathers are to be found in 
pigeons, but they are mostly more oi less indefinite and difficult 
to classify. In birds with good wing bars, the bars are formed by 
dark markings on the secondaries and on the greater wing coverts. 
But although these markings give the appearance of continuous 
bars when the feathers are in place, if the feathers are examined 
individually it will be found that the dark marking is in reality con- 
fined to the outer vane of the feather, and only rarely extends to the 
inner vane. Feathers with more or less distinct indications of a dark 
bar may sometimes be found in pigeons, but I have never seen any- 
thing that could be compared with barring as found in fowls. 

Splashing or blotching of individual feathers with different color 
or with white appears to occur more commonly in some breeds of 
pigeons than in others. The usual color found in Almond Tumblers 
seems to be due to the peculiar markings of the individual feathers, 
but I have never had opportunity to examine carefully the plumage 
of one of these birds. 

Iridescence* 

In the foregoing discussion the purplish and greenish iridescent 
colors of the neck and breast of pigeons have not been taken into 
account. As is well known this effect is due to the structure of the 
feathers, and not to pigment, although the underlying pigment has a 
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contributory influence in the general effect. There is no doubt that 
in white birds the structure is the same, but there is little or no irides- 
cence. It occurs in full strength, however, in colored feathers which 
happen to occui in this region on splashed birds, even though the bird 
is practically all white with only a few pigmented feathers. The 
iridescence is relatively slight in the juvenal plumage, and only comes 
out in full brilliancy after the first molt. In old birds it often extends 
well down the back, including even the rump and upper tail coverts. 
If heritable variations in iridescence in the domestic pigeon occur, 
they have not been recorded nor studied, so far as I am aware. 

Reversion* 

Darwin's principal interest in domestic pigeons was their great 
diversity in form and feather, in spite of which, however, he was 
able to find abundant evidence of close relationship. As a result of 
his extensive observations, collection of facts, and his breeding experi- 
ments, he becomes convinced that domestic pigeons are monophyletic 
in origin — ^that all the diverse forms have had their origin from a 
single wild species, the Wild Rock Pigeon {Columba livia Linn.).* 
One of the strongest arguments advanced by him was the evident 
tendency in domestic stock to revert more or less completely to the 
blue color of the Rock Pigeon. He cites (Darwin, 1900, pp. 200-208) 
many instances in which blue has appeared, especially in wings and 
tail, in crosses of birds showing no trace of blue possibly for several 
generations back, and then gives the details of his own experiments 
which can probably best be summarized in diagramatic form. 



^According to Beeck (1908, p. 25), the correct name for the Wild Rock Pigeon ia Columbalivida 
Brifls. 

It should be noted furthermore, that all investigators do not agree with Darwin that the domestie 
pigeons are monophyletic in origin; see for example Ghigi (1908). 
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Barb & X Spot 9 


Barb X Fantail 


(Self 


(White with red 


(Self (Self white) 


black) 


spot on forehead 


black) 


V and red tail) 


V 


Fi Barb-Spot 


Fi Barb-Fanlail 


(Black or brown with 


(Black, with some white 


some white splashes) 


flights and tail feathers) 




V 


V 



" Mongrel Barb-Spot " cf X ''Mongrel Barb-FantaiV 9 

(Generation not stated) ^ (Generation not stated) 

Reversionary Blue 
(One bird; head 
tinted with red) 
Darwin's blue bird was essentially like the Rock Pigeon in color. 
It is probable that the tint of red on the head was the "kitiness" so 
often observed in young birds and which usually disappears with 
molt, rather than a condition depending upon the red forehead of the 
Spot ancestor. Figure 2, Plate I, is a Wild Rock Pigeon; Figure 3 on 
the same plate shows an ordinary blue domestic pigeon, corresponding 
to what Darwin termed the reversionary form. The fact that its 
rump is much darker than that of the wild bird is noticeable in the 
photograph. This condition is characteristic of C. intermedia of 
India, which apparently differs from true C. livia only in this respect. 
Staples-Browne (1908) has repeated Darwin's experiment as nearly 
as he could. Not having a Spot to use, however, he bred together the 
Fi birds obtained from the crossmg of Black Barb X White Fantail. 
As his results are given in greater detail it will be better to give our 
consideration largely to them. They may be tabulated as follows: 
Barb X Fantail 
(Black) ^ (White) 
Fi — Black (with white feathers) 

F^Black (self) 

Black (with white feathers) 
''Blue'' (self) 

"Blue'' (with white feathers) 
Red (with white feathers) 
White (with colored feathers) 
White (self) 
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It should be noted particularly that the so-called "reversionary- 
blues" obtained by Staples-Browne were not like the blue of the 
Rock Pigeon or of the bird mentioned above in Darwin's experim^it. 
They were, on the contrary, what are classified in the present paper as 
black birds with blue tails (BSt). A specimen of this nature is shown 
in Fig. 4, Plate I. 

In reading over Darwin's account in the light of our present knowl- 
edge it is interesting to see how closely the facts presented by him 
coincide with the factorial hypothesis and how narrowly he missed 
such an explanation. Although Staples-Browne's paper was written 
from the Mendelian point of view, and he handled specifically certain 
of the color characters, such as black, blue and white, he offered no 
definite factorial explanation of these cases of "reversion" further 
than to suggest that "some factor of the blue did come from the Fan- 
tail" (I. c, p. 68).* Punnett (1907, p. 56) in the preceding year had 
suggested that Darwin's result was to be explained like that of the 
recurrence of single comb in the second generation in fowls, after a 
cross involving rose and pea comb. He suggests that "blue underlies 
the blackness of the barb, but owing to the dominance of black it 
cannot become manifest except in zygotes which do not contain the 
latter. And this can only happen in the second generation." In a 
later edition of his book Punnett (1911, pp. 65-67) discusses Staples- 
Browne's results and amplifies his former explanation. The assump- 
tion is made that two factors are concerned — C, a factor for color, 
which produces blue when present alone; and B, which modifies C 
to produce black. In the absence of C the bird is white whether B 
is present or not. With these premises the formula of the Black Barb 
would be CCBBy while the White Fantail would be represented by cc66. 
The first cross-bred generation would of course be black (CcBb) and 
in Fj there should be blacks, blues and whites in the ratio of 9:3:4. 
When white is treated in this way as a definite factor, it is difficult to 
account for the large proportion of splashed birds; and furthermore 

*It u unfortunate in a way that Staples-Browne focusaed hia attention so much on white, tiyinc 
to study it as a simple character. Had he disregarded white for the time, it seems certain be would 
have made out more clearly the relations of the other characters involved. 
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Punnett has left out of consideration the reds. Neither do Staples- 
Browne's results approach closely the 9:3:4 ratio as is assumed by 
Puimett. 

It seems perfectly feasible, by means of the factors which have 
already been suggested in this paper to give a representation which 
shall explain the essential results of Staples-Browne's experiments. 
The second generation offspring obtained in the experiment described 
may be summarized as shown in Table I. 

Table I. — Resvits obtained in Ft by StapUs-Braume from cross of Bku^ Barb 

loith White Fantail. 

Splashed 
Black Blue Pie- 
Black Red taU tail mented Little Much White 
Cateoorob obtainxd iB) (Jb) (T) (1) (self) white white (sell) 

6Black(8elf) 5 5 5 

10 Black (w. f.)* 10 10 10 

2 "Blue" (self) 2 2 2 

2"Blue" (w.f.) 2 2 2 

6Red(w.f.) 6 ? ? .. 2 

4 White (c. f ., 2 w. black, 

2w. red)* 2 2 ? ? 

eWhiteCaelf) ? ? ? ? 



Totals 21 7 15 4 7 14 4 6 

ExpedaHon £1 7 U.26 4-75 ? ? ? ? 

*The abbreviation " w. f." means "with white feathers;" "c. (." means "with colored feathers." 
We should refer to all these as splashed birds, some with lUtU white and some with much whitt. 

It is here assumed that the factorial composition of the two grand 
parental breeds was — 

Black Barb — BBSSTTw^u^; 
White Fantail — bbSSttW^Wn^ 

Examining these formuke we see that the Barb carries black 
pigment .(B) which is spread (S) in the barbules producing a black 
appearance instead of blue; this applies also to the tail (T); and the 
bird is a self black because there are no W factors present. The Fan- 
tail has an undetermined number of factors which make it white 
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WJf otherwise it would be red. The effect of S and T we have not 
identified in red birds (see p. 326), but it is assumed that S is present 
because no blues of the C. livia type were obtained in the F2, and that 
T is absent because blue-tailed birds were obtained. The birds 
therefore diflfer with respect to factors representing three conditions, 
(B) black, (T) tail color, and (W) white. For present purposes the 
last will be discussed very briefly as we have too few data to determine 
how many W factors may be concerned. In general, it may be said, 
however, that such results as were obtained coincide with the mul- 
tiple-factor hypothesis. The unfortunate part about white is that, 
^here there is much of it present, because of its inhibition of other 
factors, it is impossible to tell from the appeal ance of an animal what 
other factors may be present. This is the case of the 6 self whites 
in the experiment. The presence of some colored feathers in the 4 
other birds which were mostly white makes it possible to assign the 
two of them in which the feathers were black definitely to the class 
carrying B. The other two had a few red feathers, and the presump- 
tion is that they lacked B; this cannot however be positively asserted, 
since black might have appeared elsewhere in the plumage had it not 
been inhibited. For our purposes, nevertheless, they have been con- 
sidered as 6 birds. 

The Fi from the above cross would have the composition 
BbSSTtWnWm and consequently would be a black bird like the Barb 
parent except that it would be more or less splashed with white. 
This is what was obtained. But leaving the white out of considera- 
tion, and turning our attention now to B and T, we have an ordinary 
case of dihybridism. Considering the factors separately, a 3:1 ratio 
is to be expected in F2 in the case of each. Reference to the table 
will show that this, as it happened, was obtained exactly in the case of 
B (21 black to 7 red), and closely approximated in the other case (15 
black-tailed to 4 blue-tailed; expectation 14.26:4.75). 

The dihybrid expectations and the results actually obtained by 
Staples-Browne may be shown in the following tabular form : 
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Expected ratio 9 BT : Z Bi : Z hT : 1 ht 

(Self black) (Black with (=4 Red) 

blue tail) 

Numbers obtained 16 " : 4 " : 6 " 

Numbers expected 13.5 " : 4.5 " : 6 " 

In this calculation the 6 white birds and the 4 ''white with colored 
feathers" have to be left out of account owing to the fact that we 
cannot determine in which of the categories they would fall. This 
leaves only 24 birds to be classified, and considering the small 
number it will be seen that they approach very closely the expected 
ratio of 9 self black: 3 black with blue tail : 4 red. 

The above discussion of "reversion" in pigeons has been presented 
in considerable detail on account of the rather classical position of 
these examples in relation to the subject of reversion in general. It 
seems to demonstrate beyond doubt that the frequent reappearance of 
blue color in domestic pigeons falls in that common class of reversions 
which are due to factorial recombinations. Further evidence con- 
cerning the factors involved will be brought out in the discussion of 
experimental results. 

Experimental Results* 

The earlier part of this report comprises a synopsis of the principal 
color characteristics of pigeons and their inheritance. In the present 
section it is proposed to present the experimental evidence in sub- 
stantiation of the conclusions there stated. No attempt will be made 
to present the details of all the experimental work, but selection will 
be made of such material as seems pertinent to the topic of discussion 
and an attempt will be made to arrange this in a manner that will show 
its bearings upon the point most clearly. 

The B-Facton 

Black-Red Eayperimeni, The dominance of black to red in the first 
generation, and the reappearance of red offspring in the second 
filial generation were pointed out in 1908, in a preliminary report on 
the present experiments (Cole, 1908, p. 301). It was apparent even 
at that time that the proportion of recessive reds was greater than 
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the expected ratio of 1 in 4. These same matings have now been 
carried along. for several years, so that what amounts to a very 
considerable nmnber of offspring for such slowly reproducing animals 
as pigeons has been produced. Another preliminary statement was 
made (Cole, 1911) at a time when 71 Fs offspring had been obtained, 
the numbeis at that time standing 45 black to 26 red. It is now 
proposed to present below a complete account of this experiment and 
a summation of a considerable nmnber of other matings involving the 
B-factor. The experiments with self-black and red (intense) birds 
will be considered first. 

This experiment was begim with a pair of reds (cT 1 A and 9 2 A) 
and a pair of good self blacks (c? 6 A and 9 7 A). These birds wer« 
acquired by purchase, and nothing is known of their breeding. The 
red c? (1 A) though of good color had a few white feathers in each 
wing-bow, indicating very likely, birds of the rose-wing pattern in his 
ancestry; and at one molt the female also showed a single white 
feather in the same situation, so that she was probably of the same 
breeding as the male and may have been related to him. Since 
"pattern" is entirely independent of "pigmentation," in its inheri- 
tance this tendency toward the rose-wing pattern in the reds may be 
disregarded in the present discussion. 

Before the reds and blacks were crossed young were reared from 
them mated as they were received, and they have subsequently been 
mated together at other times. In all 16 young have been reared 
from each pair in this way, and in all cases the original birds have 
bred true to color, that is to say, the 16 young of the reds have all 
been red (in some cases showing the same tendency to "rose-wing" 
as the parents), and the 16 offspring from the blacks have all been 
black. Practically all of these showed more or less conspicuous buffy 
tips on the juvenal feathers. 

From reciprocal cross-matings of these two pairs 27 offspring were 
obtamed, all black— 13 from c? 1 A (red) X 9 7 A (black) and U 
from cT 6 A (black) X 9 2 A (red). In all these young the buffy tips 
to the juvenal plumage were usually pronounced, and in some cases 
(especially in the cross of black c? with red 9) there was muck 
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*' kitiness," the breast sometimes being suffused with red and the inner 
vanes of the primaries decidedly "rusty.'* In most cases this red 
disappeared at the first molt; but some birds still show indications of 
it on the breast even after attaining adult plumage. From the red 9 
were obtained also some young with blue rumps and with more or less 
tendency to blue in other parts; but as has been stated, there is good 
reason for assuming that these variations are due to supplemental 
factors, and they can therefore be disregarded at present and the birds 
be classified on the basis of the presence or absence of black pigmen- 
tation. 

The results of this experiment, including the Fi generation, are 
summarized in Table II. 

Table Ih^ResuUs of Black- Red Experiment. 



Pabsnts 


OFnpBiKa 


Ratio — ^black : bbd 


d 


? 


Blaek 


Red 


Obtained 


Expected 


1 A (red) 
6 A (black) 


2 A (red) 
7 A (black) 


16 


16 


: 1 

1 : 


: 1 

1 : 


1 A(red) 
6 A (black) 


7 A (black) 
2 A (red) 


13 
14 




1 : 
1 : 


1 : 
1:0 


Total 


27 





1 : 


1 : 


28 B (Fi-black) 
45 A (Fi-black) 

45 B (Fi-black) 

46 B (Fi-black) 


71 A (Fi-black) 
56 B (Fi-black) 
56 A (Fi-black) 
46 A (Fi-black) 


1 18 

1 3 
27 

i ' 


8 

3 

14 

7 


2.25 : 1 
1.00 : 1 
1.93 : 1 
1.14 : 1 


3 : 1 
3 : 1 
3 : 1 
3 : 1 


Tot 


al 


1 56 


32 1 


1.75 : 1 


3 : 1 



The first two rows show the results from mating red to red and 
black to black. The two rows next below show the production of 27 
Fi offspring, all black, from mating red to black and black to red. 
In the lowest division of the table are four matings of Fi birds, bred 
inter se. Of these birds, 28 B, 46 A and 46 B are from mating 1 A 
(red) X 7 A (black); 71 A, 45 A, 45 B, 56 A and 56 B are from 6 A 
(black) X 2 A (red). 
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It will be observed that in each of these four matings taken indi- 
vidually, and consequently also in the total numbers for all four, the 
proportion of red offspring is considerably greater than would be 
expected in an ordinary Mendelian monohybrid cross, in the totals 
the ratio of black to red being only 1.75 : 1. 

Table III shows the results of matings of F2 birds together, also some 
matings of birds of one generation with those of another; but all are 
descended from the two original crosses indicated in the middle 
portion of Table II 

Table Ul.— -Further Results from Black-Red Crosses, 



Pabbntb 


Offspbimo 


Ratio-black : bbd 


cf , 9 


Black 


Red 


Obtained 


Eiqpected 


307 A (Fr-black) 
307 A (Fr-black) 
448 A (Fr-black) 
194 B (Fi-black) 
194 B (Fi-black) 


303 A (Fr-black) 
221 B (Fr-black) 
432 B (Fr-black) 
481 B (Fr-black) 
559 A (Fr-black) 


2 
8 
11 
1 
5 


1 1 

3 
2 

3 


2.0 

2.67 

5.5 

1.0 

1.67 




3 
3 
3 
3 
3 




Total 


27 


9 


3.0 




3 




145 B (Fr-red) 
307 A (Fr-black) 
448 A (Fr-black) 
483 Y (Fr4)lack) 
538 A (Fr-red) 
545 X (Fr-red) 
886 A (Fr-black) 


221 B (Fr-black) 
429 Y (Fr-red) 
936 A (Fr-red) 
481 A (Fr-red) 
644 A (Fr-black) 
221 B (Fr-black) 
559 B (Fr-red) 


2 
4 

10 
2 
2 
2 


4 
1 
12 
5 
4 
2 


1.0 

1.0 

0.0 

0.83 

0.5 

0.5 

1.0 


: 






Total 


22 


28 


0.79 




1 




145 B (Fr-red) 
409 B (Fr-red) 
545 X (Fr-red) 


432 A (Fr-red) 
429 Y (Fr-red) 
429 Y (Fr-red) 


(D* 


2 
3 
2 


0.0 
0.0 
0.0 











Total 


(D* 


7 


0.0 : 1 


: 1 


493 B (Fr-black) 454 B (Fr-black) 
134 B (Fi-black) 454 B (Fr-black) 


3 
3 




ll.O : 
1.0 : 


1 : 
1 : 


To 


bal 


6 '1,0 : 


1 : 



'Undoubtedly an inoorreot record. See text. 
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In the first horissontal section of this table are shown matings of 
heterozygous black birds, all belonging to the F2 generation except 
194 B, which is an Fi. The expectation of 3 to 1 happens here to be 
exactly realized, there being 27 black and 9 red ofiFspring. The second 
section of the table shows matings of heterozygous blacks to reds, 
giving an expectation of equal numbers of black and red progeny. 
Here again most of the birds are F2's, some of the blacks being the 
same that were listed in the section above. The results show a total 
of 22 blacks to 28 reds, which taken by itself would not be a significant 
departure from the expected ratios where such small numbers are con- 
cerned. The third section of the table records matings of '' extracted " 
Ft reds together. The results show all red ofiFspring except for one 
bird in mating cf 145 B X 9 432 A, which is recorded as black. The 
breeding history of 145 B, however, shows that although he assisted 
in incubation and the rearing of young he early became impotent as a 
breeder. Many of the eggs were abandoned or were sterile, and when 
he was later isolated with a female no fertile eggs were produced. All 
squabs raised after the first two showed definitely by their characters 
that 145 B could not be the father, and it therefore seems justifiable to 
attribute the occurrence of this black squab where red would be 
expected to an illegitimate union of 9 432 A with a black male. 
Abundant matings of red with red, many of which are controlled 
beyond any possibility of doubt, demonstrate that red is recessive to 
black, and black cannot be produced from such matings, in which it is 
absent from both parents. It should be recalled in this connection, 
however, that there is a type of red bird which carries black, and from 
such reds black ofiFspring may result. This is due to an additional 
factor which is an inihibtor of black and is sex-linked in its inheritance. 
It suffices at the present time to state that it is definitely known that 
this factor was not present in cT 145 B, nor in fact in any of the birds 
in the experiment under consideration. 

Finally, in the fourth section of Table III are shown two matings 
of 9 454 B, the only Fj bird of this experiment which has been satis- 
factorily proven to be homozygous for B. Of the two matings shown, 
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the first proves nothing since it is not known whether 9 493 B is a BB or 
a Bb bird. The Fi male, 134 B, is of course Bb; but only 3 offspring were 
produced; so that this mating again has little meaning. But in addi- 
tion to the matings shown here, 9 454 B was also mated to an unrelated 
red (912A) heterozygous for /, resulting in 7 black and 1 dun off- 
spring, the expectation being in the ratio pf 3 black : 1 dun. This 
seems sufi&cient to establish her homozygosity for B beyond reasonable 
doubt. 

Discussion of Ratios Obtained, The ratios obtained in this cross 
show some features of interest. Mention has already been made of the 
fact that even early in the experiment there was evident a tendency 
to an over-production of extracted reds in the Fj generation. The 
numbers are relatively so small that this might not be thought to have 
significance if it were not for the fact that it occurred so consistently. 
There appears to be a tendency throughout for an approach to a 2 : 1 
instead of a 3 : 1 ratio. The final ratio obtained for straight Fj 
birds, as shown in the lower section of Table II, was 56 blacks to 32 
reds, or only 1.75 : 1. In each of the four individual matings the 
reds were in excess of expectation. In the matings of heterozygous 
blacks of the F2 generation (in one case Fi with F2) shown in Table III, 
where also the expectation is 3 : 1, it happens that this ratio is exactly 
realized by 27 blacks to 9 reds. This result is due to the large pro- 
portion of blacks in a single mating (11 blacks to 2 reds from cf 448 
A X 9 432 B), the only case in the whole series of matings in which 
blacks were obtained in excess of expectation. Combining the 56 
blacks and 32 reds of Table II with the 27 blacks and 9 reds of Table 
III gives us a total of 83 blacks to 41 reds, a ratio of almost exactly 
2:1. While it may be contended that the total numbers are not 
large, still it must be conceded that the departure from a 3 : 1 ratio 
is so great as to be significant. On the basis of a 3 : 1 ratio the 
expected number of blacks is 93, the observed deviation therefore 
being — 10. The probable error of the expectation for any given 
number of individuals may be calculated by the formula P. E. = 
0.67449 Vnpg, first applied to Mendelian ratios by Weldon (1902), 
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where n is the number of individuals, and p and q the proportions of 
those expected in the black and red classes resi)ectively.* For 124 
individuals P. E. = + 3.255. Dividing the observed deviation by 
this number gives 3.072, which, according to the table recently pub- 
lished by Pearl and Miner (1914), means that the probability of a 
deviation as great as 10 occurr'mg with this number of individuals is 
only 4.3 in 100, or in other words, the odds are 22.26 to 1 against a 
deviation as great as this being due solely to chance. 

Making the same calculations now on the basis of a 2 : 1 ratio, 
P. E. = + 5.26; but the observed deviation from a 2 : 1 ratio is 
only 0.33, and this number divided by the probable error = 0.093. 
This number is so small that it is evident the observed deviation is well 
within the deviation which might be expected as a result of chance, 
and' consequently the numbers obtained might well indicate a true 
2 : 1 ratio. 

Considering now the matings of heterozygous blacks, of the Fj 
and Fa generations with reds (second section of Table III), in which 
case the expectation is an equal number of black and red ofifspring, 
we find a total of 22 black to 28 reds, which is a ratio of 0.79 : 1 and 
again shows a deficiency of blacks. These numbers again taken by 
themselves are too small to have much meaning, but the fact that they 
coincide in direction with the others lends weight to the conclusions 
that there is in this experiment a definite tendency to an over-pro- 
duction of red ofifspring. 

Two to one ratios have been observed in a number of cases, which 
fall into two classes. In the first class are the yellow mice, in which 
it seems quite probable that, as suggested by Castle and Little (1910), 
imions of yellow-carrying gametes with yellow-carrying gametes fail 
to develop, leaving two heterozygous yellows to one recessive. In the 
other class of cases it is the recessive which is non-viable (namely 
from etiolation, in plants), leaving a ratio of one homozygous dominant 
to two heterozygotes. The original example of the green and " aurea " 
forms of Antirrhinum described by Baur (1907) will serve for illustra- 

^Other formuIjB hAve been developed for polyhybrid ratios, but for the monohybrid ratio the 
ordinary fonnxilaia suitable (Harris, 1912). 
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tion. In the superficial respect that the result consists of two 
dominants to one recessive, black and red in pigeons corresponds more 
nearly to the mice; but as we shall see there is a fundamental differ- 
ence between them. 

Modifications of the 3 : 1 or 1 : 2 : 1 ratio in Fi, in the case 
of simple allelomorphic characters, might be explained in several 
ways. They might be attributed (1) to the non-viability of a partic- 
ular class of the Fj zygotes (as is the explanation offered for both the 
yellow mice and Antirrhinum);* (2) to selective fertilization, i. e., to 
a selective union of the gametes; (3) to a disproportionate production 
of the two kinds of gametes; or (4) to a differential viability of the 
zygotes, but without the complete disappearance of any one class. 
That the aberrant ratio in pigeons is not due as in yellow mice to the 
complete failure of a particular class to materialize is evid^it at first 
glance. For not only did we have homozygous dominants (6 A and 7 
A) to start with, a thing imknown in yellow mice, but at least one F^ 
individual (454 B) was shown to be homozygous for black, and there 
were others in which this was a probability, but the breeding evidence 
has been insufi&cient for proof. 

A selective union of gametes rather than union based entirely 
on chance has been suggested in some cases to accoimt for modified 
ratios. If we assume that the heterozygote produces B and b 
gametes in equal numbers, but that there is an associative mating 
of the gametes having an intensity of two-thirds, a 2 : 1 ratio will 
result. In other words, this means that of every three gametes two 
unite with their own kind and only one with the opposite kind ; of three 
B-spermatozoa 2 unite with B-ova and 1 unites with a b-ovum, while 
similarly of the 6-sperms 2 unite with b and 1 with B, As a result the 
progeny would have the composition 2 BB : 2 Bb : 2 66, or 2 blacks 
to 1 red. But aside from the fact that no sufl&cient proofs have ever 
been adduced for a selective union of this sort among the gametes, the 
results are contrary to the findings in the present case since they 

*A similar explanation is given by Morgan (1912) to a modified sex-ratio in Drosophila, in whicK 
a ratio of 2 ^ ^ :1^ was obtained. 
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give an expectation of equal numbers of homozygous and heterozygous 
individuals among the dominant forms, while the breeding evidence 
would seems to indicate that if anything the proportion of BB blacks 
was less than the ordinary expectation of one in three. Furthermore, 
when a Bb individual is mated to a recessive 66, there would be no 
chance for associative mating and consequently a 1 : 1 ratio should 
ensue. The results (second part of Table III) show an excess of 
reds. 

In attempting to explain the occurrence of association of characters 
Bateson and Punnett (1911) have assumed a differential production 
of the different kinds of gametes, and a similar assumption might be 
made in the present case. There is this difference, however, that they 
assume an unequal production of gametes with respect to the different 
combinations of factors, the number of gametes bearing the antithetic 
members of an allelomorphic pair being equal, while we are here 
assuming that greater numbers of gametes are produced bearing one 
member of the allelomorph than there are bearing the other. Below 
are shown the proportions of black and red offspring that would result 
from the fortuitous meetings of B and 6 gametes produced in the 
proportions indicated. 

Proportion of B : 6 Rs6Ux;riNa ompRiNo 

gametes produced Black Red 

2:3 16 9 

3:4 33 16 

4:5 56 25 

5:6 85 36 

5:7 95 49 

Only ratios have been selected which give an approximation to a 2:1 
ratio, and the tabulation has not been carried further since there is no 
simple ratio of B to 6 gametes which would give a 2 :1 ratio of progeny. 
The nearest of those shown is 3:4, which gives 33 blacks to 16 reds. 
Assuming in the present instance that the gametes were produced in 
this proportion, in 83 + 41 = 124 offspring the expectation would be 
83.51 blacks to 40.49 reds, which is very close to the actual numbers 
obtained. Applying this same assumption now to the matings of 
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heterozygous black cf to red 9 and red cf to heterozygous black 9, 
we have the following (c/. Part 2 of Table III) : 

Obtained Expkctkd 

Matikos Black Red Black Red 

cf Bh (black) 
9 bb (red) 

cf bb (red) 
9 Bh (black) 

Combined 22 : 28 21.43 : 28.57 

Here again the results are surprisingly close to expectation. It is 
the more surprising since there appears to be no reason for assuming 
such a disproportionate production of gametes beyond the fact that 
such an assimiption fits so well the observed facts. An assumption 
of this nature^ is, moreover, fundamentally opposed to the basic con- 
ception of Mendelian segregation. The only way to reconcile the 
two would be to suppose that the gametes were formed in equal num- 
bers, but that for some reason one out of four of the B gametes became 
functionless. Bond (1913) believes he has evidence for modified 
gametogenesis in the case of regenerated testes, with a corresponding 
modification in the ratio of offspring produced; but the case is far 
from convincing. 

Examining the ratios assumed above as to their probability we 
get the following: 

Numbers obtained = 83 B : 41 6. 

Nmnbers expected on assumption of 33:16 ratio = 83.51 B : 40.49 b. 

Deviation of observation from expectation = 0.51. 

P. E. = + 3.522. 

Dev. 



P. E. 



= 0.144 



Numbers obtained = 20 B : 28 6. 

Numbers expected on assumption of 3:4 ratio = 20.57 B : 27.43 b. 
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Deviation of observation from expectation = 0.57. 

P. E. = db 2.312. 

Dev. 



P. E. 



= 0.246. 



The ratio of deviation to probable error is in each case less than 1 
and consequently both ratios obtained may be assmned to fall very 
close to expectations on the assumption made. 

One further point in which the assumption just made appears to 
accord with the facts is in the relative numbers of BB and Bb blacks 
obtained from matings of heterozygous birds. Under normal con- 
ditions it is of course 1 BB :2 Bb; under the condition assumed, of 
3 £ to 4 6 gametes, it would be 9 BB : 24 Bb, i. e., a relatively larger 
nmnber of Bb. While it has been impossible to test any large number 
of Fi birds, the constitution of 10 Fj blacks has been ascertained 
through breeding. Of these 9 were Bb, while only one was sufficiently 
proven to be homozygous for B. This should not be taken as indicat- 
ing, however, that the real ratio was anything like as small as 1 BB : 9 
Bb, since the constitution of the two types cannot be determined with 
equal facility. If a black be mated with a heterozygous black or a 
red, and a red offspring be produced, it is known at once that the 
bird was heterozygous for B, But if it has only black offspring, a 
very considerable number must be produced before it can be decided 
with any great degree of certainty that the bird is homozygous. 
For example two dun birds (cf 109 B X 9 161 B), Fi's from a dun- 
yellow cross, were mated and produced 11 dun offspring before there 
was a single yellow. According to expectation there should have 
been 3 yellows by this time. In this case the birds weie known from 
their breeding to be Bb, but if they had been F2 birds being tested, and 
the mating had come to an end at the time 11 offspring had been pro- 
cured, the formulae of the parents could only have been recorded as 
doubtful, although there would of course have been a strong presump- 
tion that at least one of them was homozygous. When it is con- 
sidered that from relatively few of the pigeons raised can so many as 
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11 oflfspring be reared to the point where their plumage-color can be 
determined, in matings that would serve as tests, it will readily 
be understood why so many of them have to remain recorded as 
doubtful with respect to whether they are homozygous or heterozygous 
for dominant characters. 

There still remains one possibility to consider, viz. : a different 
viability of the different classes, but without the complete disappear- 
ance of any one class. In this instance it would mean that there is a 
greater mortality among the B-bearing zygotes prior to the stage at 
which color of plumage can be determined than among the bb zygotes. 
This is a question which would be susceptible to experimental investi- 
gation were we able to deal with larger niunbers, but in the experi- 
ments so far as they have gone there appear to be no facts in its 
substantiation beyond the general one, that if true it would accord 
with the results obtained. 

Other Matings Involving B. In addition to the experiment detailed 
above, which was for the special purpose of studying the inheritance 
of black and red, the B factor has naturally been involved in many 
other matings which have been made for other purposes. These 
have been brought together, and the results are shown in the accom- 
panying tables. They were originally tabulated with respect to 
both the B and / factors and the data are presented in this form, and 
then assembled for the present purpose in Table XII. The birds 
included in these tables comprise not only selfs, including blues and 
silvers, but also those with special patterns, and their crosses. Mat- 
ings of selfs with whites and the mating of the resulting splashed 
birds are, however, not incorporated, since many of these birds in 
our stock contain the sex-linked factor which inhibits the appearance 
of Bj mentioned on p. 326, and hence it is not in these cases always 
possible to be positive simply because a bird is red that B is not 
present. 
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Table IV. — RemUs of matings giving an expectation of SBI : 1 hi (exclusive of 
those in Tables II and III). 

Obtainbd 
Matinos BI bl 

31 AX 33 A 10 6 

292BX 380X 1 

948BX 835A 1 1 

996 BX 938 B 4 2 

1148 C X 1148 A 4 1 

1183 A X 1104 B 3 

Total 23 10 

Expected S4.75 8.26 

Table V. — ReeuUe of matings giving an expectation ofSBi : 1 hi. 

Obtaineo 
Matinob Bi hi 

32 AX 33 A 3 

109 B X 161 B 24 4 

Total 27 4 

Expected eS.eS 7.76 



Table VI — Results of matings giving an expectation of 3 BI : SBi : Ihl 



MAToros 

822 B X 818 A.... 

841 A X 799 B.... 

841 A X 938 B.... 

860 A X 432 B... 

901 B X 890 B.... 

962 A X 915 B.... 
1062 A X 799 A... 
1091 D X 1091 H... 
1091 G X 1266 C... 
1091 L X 1091 S.... 

1091 T X 1092 A.... 

1092 B X 1091 B.... 

1093 A X 1093 B... 
1122 B X 799 B... 
1282 B X 1091 F.... 
1282 B X 1266 C... 

Total 

Expected 

Total B : 6... 
Expected B : &. 
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3 










3 
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2 
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2 




1 










1 












1 
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1 
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18 




18 


9 




8 


19.88 




19.98 


6.6S 




6.62 




36 






17 






39.75 




13.25 
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Table VII — Results of tnoHngs giving an expectation ofQBI : 3 Bi 
Shi : 1U(=^SB : Ih). 



Matimob 

26 AX 27 A.... 

836 A X 875 A.... 

862 A X 862 B.... 

1091J X 1273 A.... 

1257 A X 000 C... 

1273 G X 1273 C... 

Total 

Expected 

T(^alB : h 

Expected B : h. 









Obtainkd 






BI 




Bi 


hi 




hi 


12 




3 



3 





1 


1 





8 




1 


2 




1 


1 







1 







2 




1 


3 







1 







1 







25 




5 


10 




2 


23.626 




7.876 


7.876 




2.625 




32- 






12 






55 






11 





^Includes two offepring in mating 26 A x 27 A not shown in upper part of table. These are 
recorded aa having B, but it is uncertain whether they were intense or dilute. 



Table VIII — ResuUa of matings giving an expectation of 1 BI 

of those in Table III). 



MATINaS 

30 A X 48 B 

157 A X 723 A 

493 B X 701 A 

545 XX 904 B 

887 A X 903 B 

892 A X 892 B 

895 A X 901 A 

932 A X 71 A 

998 A X 56 A 

Total 

Expected 



'IBI : 


1 bl (Exclusive 




Obtadibd 


BI 


6/ 


8 


4 


9 


8 


2 





1 





4 





3 





1 





3 


1 





1 


31 


14 


22.6 


22.5 



Table IX — Restdts of matings giving an expectation of 1 Bi : 1 H. 



Matinqs 

32 A X 3 A 

32 A X 673 A 

Total 

Expected 





Obtainbd 


Bi 


6i 


7 


1 





2 


7 


3 


5 


6 
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Table X — ResuUa of moHngs giving an expectation of 1 BI 

lhi( = lB : lb). 



1 Bi 



Ibl 



Matimos 

14 AX 35 A 

32 AX 34 A 

32 A X 559 B 

450XX 450Y 

668 B X 398 A 

763 A X 380 X 

769 A X 1209 B 

876 B X 924 B 

913 A X 846 B 

913 A X 932 B 

926 A X 904 A 

Total 

Expected 

Total B : b... 
Expected B : b. 



Obtainbd 



BI 




Bi 


hi 




hi 


2 




1 


2 




3 


1 




1 










4 




1 










4 




1 


2 















1 












1 







1 







4 


2 




1 


1 




1 


1 















1 




1 










1 







2 




4 


1 




3 


14 




14 


11 




9 


12 




12 


12 




12 




28 






20 






^4 






U 





Table XI — Results of matings giving an expectcUion of SBI 

lbi(=:l B : lb). 



IBi 



3bl 



Matihos 

60B X 34A 

646A X356A 

656 A X 719 B 

666B X867B 

681 B X 701 A 

726 A X 664 B 

798 A X 836 B 

828A X806B 

966B X796A.;.... 

Total 

Expected 

Total B : 6... 
Expected B : b. 



Obtained 



BI 




Bi 






hi 


1 




1 






1 


2 




1 






1 


1 














2 














2 




1 






1 


1 











1 


2 











3 


1 




2 










3 





15 




5 






7 


16.6 




6.6 


16.6 




6 6 








20 






24 






22 






22 
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Table XII — Summary of matings showing ratio of B 



EZPBCTATION 3 B 


: 1 b 




EXPSCTATION 1 B 


: I h 






B 


6 




B 


h 


Table IV 


23 


10 


Table VIII 


.31 


14 


Table V 


27 


4 


Table IX 


. 7 


3 


Table VI 


36 


17 


Table X 


.28 


20 


Table VII 


32 


12 


Table XI 


.20 


24 



Total 118 43 Total 86 61 

Expected 120,75 JiO.26 Expected 73.6 73. S 

Table III 66 32 Table III 22 28 

Table III 27 9 



Total 83 41 

Expected 98 31 



Expected 26 25 



Grand total 201 84 Grand total 108 89 

Expected .213.75 71.25 Expected 98.6 98.6 

For the time being we will consider only the relation of £ to 6 
offspring in the above tables, and first those giving an expectation of 
3 B :1b. In Tables IV, VI and VII we find an agreement with our 
former results in that in each case there is a slightly smaller nmnber of 
B birds than expected. Table V, on the other hand, shows an excess 
of B. The total of 118 B to 43 6 is fairly close to 3:1. If these are 
combined with the results from Tables II and III as is done in Table 
XII there is a resulting grand total of 201 B to 84 6 birds, which is 
still a deficiency of B offspring. 

The results of matings giving an expectation of 1 S : 1 6 are on the 
other hand quite different in these tables from those in Table III. 
There, there was an excess of reds proportional in amount to the excess 
in the 3:1 ratios; but in Tables VIII, IX and X B is in con- 
siderable excess, while in Table XI the excess of b over B is very 
small. The totals show a ratio of 86 B : 61 6. Even when these 
results are combined with those of Table III the B birds are still con- 
siderably in excess. 

There seems to be no obvious explanation of these divergent 
results. The most probable explanation seems to be that there is a 
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tendency toward the production of different ratios in different 
"families," "family lines," or "strains" of our pigeons. In the 
birds used in the black-red experiment, all of which came from a 
single pair of reds and a single pair of blacks, there seemed to be a 
definite tendency to an over-production of reds. The duns cf 109 B 
and 9 161 B, on the contrary, produced decidedly more than the 
expected number of duns (see Table V), and the same tendency has 
been noticed in some of their relatives. 

Different genetic tendencies in different strains of the same species 
or variety do not present any new idea, though no adequate explana- 
tion of their cause has been given, except in cases when more than 
one factor has been assumed, as Wentworth (1913) has done for 
fecundity in Drosophila. It is doubtful if such an explanation could 
be given to the differences in sex-ratios found by Rawls (1912) in 
Drosophila, or for the rather definite percentage of cases of "non- 
disjunction" described by Bridges (1913) in the same animal. The 
same is true of the pigeons, where there seems no doubt that in black 
vs. red we are dealing with a case of simple allelomorphism. Whether 
this is due to an unequal production of the different classes of gametes 
or whether there is a differential viability of the zygotes it seems to me 
we are not at present in position to determine. I feel inclined to 
favor the latter vie*v in spite of the fact that the results of the black- 
red experiment could be explained so consistently on an assumption 
of a production of gametes in the proportion of 3 B to 4 6. 

The I-Facton 

The general relations and effects of the / factor have already been 
described (p. 323), and it remains only to consider the ratios obtained. 
As was stated, although this factor is sex-linked, no attention will be 
paid to the matter of sex proportion in relation to color in the present 
treatment. It is only necessary to bear in mind that intense females 
are always heterozygous for /, — ^that is, they are always li and can 
never be //. The breeding results have consistently borne out this 
fact. In bringing together the records for the I : i ratios all cases 
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have been considered which give a difference in intensity, including 
special patterns and splashed birds. As has already been remarked 
(p. 333), whether a bird is intense or dilute may be determined even 
when the bird is all white except for one or two colored feathers. If 
the bird is entirely white, its constitution can only be ascertained by 
breeding tests. The formulae of such self-white birds have in a num- 
ber of instances been determined, and the records of these have been 
included in the present computation. The records as compiled include 
a large number of matings, and as there appears to be no particular 
advantage in presenting the results of each in detail they are sununed 
up m Table XIII. 

Table XIII. — ResuUs of dU matings giving expectations of 31: 1 i and II: 1 i. 

No. of 
natingB 
Expected Ratio included 

3 7 : li 50 

17 : li 78 

Considering first the matings of birds both heterozygous for /, 
when the expectation is 3 intense offspring to 1 dilute, we find that of 
the 242 young produced 189 were recorded as intense and 53 as dilute. 
The expectation for this number is 181.5 to 60.5, the deviation of 
observation from expectation being 7.5. The probable error with this 
number of individuals is + 4.54, so that the deviation obtained is 
1.6 times the probable error, or the odds are slightly against the 
chance occurrence of a deviation as great or gieater than this, being 
2.57 to 1. We may nevertheless, reasonably consider that 3:1 is the 
real ratio, especially when one or two facts are taken into considera- 
tion which may in part account for the slight excess of intense birds 
recorded. In the early part of the work, before the relations of the 
colors were understood; more attention was paid as to whether black 
or red pigment was present in the plumage than to whether it was 
intense or dilute. It is possible therefore that the color was some- 
times recorded as "black," simply meaning that it was not "red." 
Soon, however, the need of closer scrutiny was appreciated and the 



OrrspBiNQ Obtained 




Total I i 


I » 


242 189 53 


181.5 60.5 


401 207 194 


200.5 200.5 
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observations in this respect became much more critical. At most the 
Dumber of errors occurring from this cause must have been relatively 
very small. In a few cases, mostly in one family of related biids, a 
dun color has been noticed that is darker than is usual on young birds, 
and as black is less deep in shade in the first plumage, it has happened 
in a few instances that this dark dun has first been recorded in nest- 
lings as "poor" black, and corrected later. It is possible that a few 
uncorrected errors of this kind may be included in the final numbers, 
but again there cannot be many such. 

Table XIII records also the results of 78 matings of heterozygous 
intense birds (/t) to dilutes (n), with 401 resulting offspring. Of 
these 207 were intense and 194 dilute, the expectation being 200.5 of 
each. Here the deviation from expectation is 6.5 and the probable 
error + 6.75. The ratio of observed deviation to probable error is 
therefore 0.96 and the odds are in favor of the observed deviation 
being due to chance. 

Here again it will be noticed that the deviation is in favor of the 
intense condition, and the explanation may be the same as that given 
above. 

From these results it may fairly be concluded that I segregates from 
t in a normal Mendelian fashion and that the recombinations occur 
according to expectation well within the limits of chance. 

Ultistrative Matings Showing the Relationships of the 
Different Factors* 

Many different matings of birds showing the different characters 
described in this paper have been made and the subsequent segre- 
gation observed. These as a rule, especially in cases of dihybridism 
and trihybridism, have not been in sufficient numbers to make a 
statistical consideration of the ratios obtained in the progeny profitable 
at the present time; but it may help to make their relationship con- 
vincing to present a number of illustrative matings in order to show 
that the facts bear out the hypothesis, in so far as they go, in that the 
expected classes are obtained. The relation of black and red has 
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already been illustrated by the experiment given in detail and need not 
be mentioned further. The colors have a simple monohybrid rela- 
tion, though the ratios may for some reason be disturbed. In that 
experiment all the birds used were intense. The relation of B to b 
in dilute birds is shown in the following cross: 

cf 32A-BWi-dun , , ^"^ ^^"^^ 

—— — -— — produced 7 1* 

9 3 A — bbii — yellow 

K 32 A had been homozygous for B, the expectation would, of 
course, have been all dun offspring. The bird was purchased and his 
exact breeding as to colors was unknown; but that he was in reality 
a Bb bird was further proven by the fact that he later produced two 
yellow offspring when bred to a different yellow female. Two of the 
dun offspring of the above mating, both of which proved to be hetero- 
zygous for B, were mated with the following result: 

cfl09B-BWi-dun , , ^^ y«"«^ 

— -r—z: =:7t: ; — produced 24 4 

9 161 B — Bbii — dun ^ 

Black being dominant to red and intense dominant to dilute, black 
offspring would be expected from crossing black and yellow, provided, 
of course, that the black bird is homozygous for B and /. If it is 
heterozygous for 7, duns should appear in addition to blacks; if 
heterozygous for B, there should be blacks and reds; while if both are 
heterozygous all four classes should appear. That these results are 
obtained is shown by the matings in Table XIV. 

*ThiB individual wu, at the time of ita death when 18 days old, recorded as apparently going U> 
be red. As it was under-nourished and probably poorly feathered even for that age, however, it 
seems fair to assume in view of the statement on p. 360, that red should be interpreted here as 
merely meaning that the pigment was not black or dun, and that the color was really yellow as 
would be expected. 
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Tablb XIY—Matinga of Black xmth YeUow. 
Matinqs Black Dun Red YeUow 



c? 662 A — B(B)II* — black 

lA 2 

9 673 A — bbii — yellow 



I 

( ? 685 A — 66ii — yellow 

'I 



C? 731 A — BBII — black 
2.i 7 



c? 691 A — BBII — black 

3.-! 5 

9 724 A — 66it — yellow 



, c? 825 A — BBII black 

4.^ 3 

9 932 A — - 66ii — yellow 



(cf 58 B — BB/i — black 

5.\ 4 4 

( 9 645 B — &Wi — yellow 



; C? 473 A — &Wi — yellow 

eA 4 3 

9 650 A — BBIi — black 






c? 157 A — Bhll — black 

7.^ 9 8 

9 723 A — &Wt — yellow 



d^ 926 A — Bbli — black 

8.^ 2 4 13 

9 904 A — 66ii — yellow 



*The induaion of a factor in parentheaea in a fonnula indicatea uncertainty aa to ita preaence. 

Below are shown the Fs results of matings of Fi birds from black- 
yellow crosses. The first pair are two of the five Fi blacks produced 
in mating No. 3 of Table XIV. The second pair are a black and a dun 
from mating No. 6 of the same table. The blacks being heterozygous 
for both B and / and the dun for B, all four classes of young were to be 
expected. 

<f 862A-B67t-black , , ^^^ ^"^ "^ y«"o^ 

^ ^^^ ^ zrrz-. — — ;- produced 8 12 1 

9 862 B — Bbh — black ^ 

c? 841 A — B6/i — black , , . . . 

— rr— z;^ rrr: ; produced 1111 

9 799 B — Bbii — dun ^ 
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Red to yellow gives all red when the red parent is homozygous 
for/. 

cf 1 A — 6677 — red 

produced 9 offspring, all red. 

9 4 A — 66ii — yellow 

If the red parent is heterozygous for 7, both red and yellow offspring 
are obtained. Three such matmgs gave a total of 14 red to 9 yellow. 
A single mating may be given by way of illustration. 

cf 656B-667i-red , , ^f^ ^^"^^ 

— ZTT-: ztt: 7, — produced 4 4 

9 709 A — 66ii — yellow 

Reds and yellow are produced also when both parents are red and 
heterozygous for intensity. 

cf725A-667i-red , , 'f y^"^'^ 

— zrr-: TTT T produced 6 1 

9 726 A — 667i — red ^ 

When red and dun are crossed one dominant character is brought in 
from each parent and the resulting offspring are accordingly all black, 
provided the parents were homozygous. If the red pai ent is hetero- 
zygous for intensity both black and dun birds will occur in the 
progeny. Both these conditions are illustrated in the following 
matings. 

^ lA-66/7-red , , ^^^"^ ^"^ 

— — — — zrzrr. ; — produced 7 

9 903 A — BBii — dun *^ 

rf" 540 B — BBii — dun 



9 448 B — 667i — red 



produced 4 



In case both parents are heterozygous for their respective dominant 
characters, all four classes, black, dun, red and yellow are exi>ect-ed. 
In the following mating, which is of this character, no yellow was 
obtained, but this is scarcely surprising considering that only 8 young 
were reared. 

d^450X-B6ii-dmi , , ^^^""^ ^^ ^^ ^^"^^ 

^ ,^^ ^^ rrzr. r- produced 4 13 

9 429 Y — 667i — red ^ 
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The Fi blacks obtained in these matings have the composition 
Bbli, the same as the Fi birds from the mating of black X yellow 
(see Table XIV) and should similarly produce blacks, duns, reds and 
yellows when bred together. No mating appears to have been made, 
however, of Fi blacks obtained from a red-dun cross. 

Homozygous black mated to homozygous bluef gives all black in 
Fi, and an expectation of 3 black to 1 blue in F2. The blue male 999 A 
used in the illustrative example was a wild Rock Pigeon,* and the 
mating shows the dominance of the black of the domesticated variety 
over the ancestral blue. 

cf 999 A — BBIIss — blue Rock Pigeon ( produced 10 offspring, all 



9 7A — 


BBIiSS - 


black 


[ 


black. 


Two pairs of these Fi birds have given the following: 


c? 1033 A - 


- BBIISs - 


- black 


produced 


black blue 
4 1 


9 1033 B - 


-BBIiSa- 


- black 


d" 1033 D ■ 


-BBIISa- 


-black 


produced 


8 1 


9 1033 E- 


-BBIiSs- 


-black 



12 2 

Black crossed with silver gives all blacks when the black parent is 
homozygous; if it is heterozygous for /, blacks aud duns are produced. 
Both these conditions are illustrated in the following matings. 

c? 6 A- BBIISS -hls^ck , , ^^"^^ ^^ 

produced 7 



9 639 B — BBiiss — silver 
c? 639 A — BBiiss — silver 



produced 3 



9 719 B — BhIiSS — Black 

In F2 blacks, duns, blues and silvers should be produced. The 
birds in the first mating below are Fi 's from 6 A X 639 B ; those in the 
second mating are from 639 A X 719 B. 

The Rock Piceona which we have used in our ezperimenta were obtained from the collection of 
the late Prof. C. O. Whitman through the kindness of Dr. Oscar Ri ddle. It is a pleasure to acknowl- 
edge our indebtedness to him for these birds. 

fBlue and silver as referred to in this paper mean blue-barred and silvei^barred, and do not 
include the so-called blue-check, etc. 
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cf 906B-BB/tS«-black , , ^^^ ^"^ blue sUver 

^ o^ . . ppy.g, rr-T produced 6 2 1 

9 864 A — BBhSs — black 

c? 915 A — B{B)IiS8 — black 



9 837 A— B{B)IiSs — black 



produced 4 4 1 



Blue crossed with red gives all black offspring, as would be expected,, 
provided the red parent is homozygous for S, the blue for B, and one or 
both for /. 

A — BBIIss — blue Rock Pigeon , , « , , , 
produced 3 blacks. 



9 701 A — bbliSS — red 

Silver with red should similarly give all black offspring if the 
parents are homozygous. In the following matings, however, the 
red parents were heterozygous for intensity, consequently both 
blacks and duns were produced. 

d^ 639 A - BBiias - silver ^ , '^^f ^ ^^ 

-— tttt^tt: r~ produced 1 2 

9 2 A — bbliSS — red ^ 

cT 697 A — BBiiss — silver 



9 701 A — bbliSS — red 



produced 



The black Fi birds from these matings are heterozygous for all 
three factors, while the duns are heterozygous for B and S. As a 
consequence, in matings of black to black or black to dun, all six differ- 
ent colors described in this paper are obtained in Fs. The following 
examples show only matings of Fi blacks to duns of the same genera- 
tion, which gives an expectation of 9 black : 9 dun : 3 blue : 3 silver 
4 red : 4 yellow, 
cf 1092 B - BbliSs - black ^^^""^ ^™ ^^^^ «"^^^ ^ y^"^"" 



9 1091 B — BbiiSs — dun 
cf 1091 D — BbliSs — black 
9 1091 H — BbiiSs — dun 

rf* 1091 L — BbliSs — black 
9 1091 S — BbiiSs — dun 



pro. 3 2 2 2 1 
pro. 1 
pro. 1 
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That silver mated to yellow produces duns as would be expected 
is shown by the following mating: 

cf 697 B — BBiiss — silver , , ^ , ^ . 

^ „^^ ^ ^. ..^^ — produced 5 dim oftsprmg. 

9 709 A — bbiiSS — yellow ^ ^ ^ 

The cross of blue with yellow brings in all the dominant factors and 
gives black ofifspring if the parents are homozygous. In the first 
mating given below the yellow female was apparently heterozygous 
for S, while in the second the male was heterozygous for /. 

d^ 999 A — BBIIss — blue 
9 723 A — bfniSs — yellow 

cf 36 A — BBIisa — blue 



produced 2 black, 1 blue. 



9 21 B — IbiiSS — yeUow 



produced 7 black, 10 dim. 



Matings of blue and silver involve only the intensity factor when 
both are homozygous for B, When the intense parent is homo- 
zygous for / all the offspring are blue; but if it is heterozygous for 7, 
both blues and silvers are obtained as illustrated in the mating here 
given. 

cT 39A-BBtm-8ilver , , '^^^^ «"^^^ 



9 246 A — BBIiss — blue 



produced 6 5 



While the above are not all of the possible matings that might be 
made, they are suflScient, I believe, to demonstrate that the factors 
and their relationships as postulated are adequate to meet the facts 
brought out in the experiments in so far as they go. 

The Inheritance of White* 

The suggestion has already been made that white in pigeons is 
dependent upon a number of factors (see p. 331). In the discussion 
which follows only enough illustrative matings will be given to 
demonstrate the probability of this assumption. The number of 
data available at present are scarcely sufficient to warrant any serious 
attempt at a mathematical treatment. In the tabulations which 
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follow no attention has been given to the particular color which may 
be present in splashed birds, but only to the relative proportion of 
white and colored plumage. Furthermore, the classifications in this 
respect are only rough approximations, since it is extremely difficult 
in some cases to judge of the proportional amount of pigmented 
plmnage from a description, especially if that particular point were 
not in mind at the time the description was made. More recently 
drawings have been kept of all splashed birds as well as of those with 
definite patterns, and in other cases photographs are at hand, or the 
skins have been saved. When such records are available it is much 
easier to distribute the birds into their respective categories. 

Other disturbing elements which enter are the difference in amount 
of splashing at different ages and the fact that yoimg birds often 
appear to be self white when half feathered or more, but when the 
feathers are fully out they may show some pigment. Squabs dymg 
before fully feathered have often been recorded as "apparently going 
to be self white " or " self white so far as can to told. " Such records 
have been included in the "self white" column in the tabulations, and 
the fact that they were young at the time the description was made is 
noted. On the other hand birds which have considerable pigmenta- 
tion in the juvenal plumage may later molt out to completely or 
practically white. This is especially true of color in the flight 
feathers, while splashes on the head and neck often become more 
definite and remain. Conversely some birds which are self white 
even in the earlier post-juvenal plumages may at later molts acquire 
a few pigmented feathers. Since, in many instances, descriptions of 
the juvenal plumage only are available, this stage has been used in 
all cases when possible in grouping the birds. 

It will be noted that in spite of the difficulties of exact classification 
seven groups have been made. At one extreme are self-white birds; 
next come those which are white except for a few colored feathers; 
then birds with much color, but still -^^dth a predominance of white; 
then in order those with white and color in approximately equal 
amounts; color in excess of white; all colored except for a small amount 
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of white; and finally, at the opposite extreme, self-colored birds which 
have no white feathers at all. For convenience the classes are num- 
bered from 1 to7 m the order here given. Although the classification 
into these groups is by no means exact, the tables serve to indicate, 
nevertheless, in a general way, the distribution of young from different 
matings. 

The fact has ab*eady been mentioned (p. 329) that at least in 
Tumblers white birds seldom if ever breed absolutely true, that is 
always produce self-white offspring and never any with "foul" 
feathers in the plumage. This is illustrated in the first section of 
Table XV, which gives the distribution of offspring of 12 A X 10 A, 
both of which were self-white birds. It will be noted that the progeny 
are all grouped towards the "white" end of the series, but of the 17 
offspring only 11 are recorded as self- white, and of these 4 were 
described when very young and might later have shown some colored 
feathers. On the other hand, in column 2, "white with colored 
feathers," there are five birds, two of which are known later to have 
become self -white. Finally, there is one bird in Class 3, which means 
that there was a considerable amount of color in the plumage. 
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Table XV. — Results of crossing Whites together and to Sdf-Colared Birds. 





Ompsnco 


Fabbnts 


1 

Self 
white 


2 

White 
(c. f.) 


3 

White > 
color. 


4 

White= 
color. 


5 

White < 
color. 


6 

Colored 

(w. f.) 


7 

Self 
oolond. 


cf 12t A —Self whitA — CUae 1 
¥ 10 A — Self white — CUie 1 


81 A 
81 B* 
95 B* 
154 A 
154 B 
198 B 
234B 
817 A 
317 B* 
362 A* 
387 B 


117 At 
117 B 
198 At 
234A 
387 A 


362 B 










(^ 12 At — Self white — Class 1 
$ 2At-~Self red — CUse7 


495 B* 




469 B| 
482 B| 


459 A| 
482 A| 








cJ* 12 At — Self white — CUss 1 
9 3 A — Self yellow — Class 7 






40B 
61 B 
70 B 


61 A 


60B 




40A 


cf 40 A — Self red — CUss 7 
? 40 B — White spl. — CUss 3 






97 A 
173 B 
268A 
297 A 


201 B 


173 A 
206B 
297 B 


143 A 
206A 
233B 


121 A 
121 B* 
143 B* 
233A 



*Very young when description taken. 
tLater became self white. 
tSee photosraph on PUte II. 
|See photograph on FUte III. 



In the second part of the table we have the same male (12 A) 
mated to a self-red female (2 A), both of which are figured on Plate II. 
One of the young is recorded as self white, but it was young when 
described; the other four fall in Classes 3 and 4 and consequently had 
considerable color in the plumage. An idea of the amount of splash- 
ing on these birds may be gained from the photographs (PI. Ill, 
Figs. 10-13) . In the next section of the table 12 A is again mated to a 
self-colored female, this time a self yellow (3 A). Three of the oflf- 
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spring fall in Class 3, one each in Classes 4 and 5, and one is com- 
pletely colored (cf 40 A, self red, Class 7). Finally, in the lowest 
section of the table we have this Fi self red (40 A) mated to his nest 
mate (40 B), which was a splashed bird, belonging in Class 3. From 
them 15 young were reared and the tendency of these to have a large 
amomit of color is very noticeable. 

Tablb XVI.— Cro«« of Self White with Splash. 





OrrspBZNO 


Pabbnts 


1 

Self 
white 


2 

White 
(0. f .) 


3 

White > 
color. 


4 

White = 
color. 


5 

White < 
color. 


6 

Colored 
(w. f.) 


7 

Self 
colored 


Ji 9A — Self white — aaaa 1 
9 13A — White epl. — ClaM 2 


91 A 
91 B 
105 B 
156 A 
156 B 
191 B 
251 A 
278 A* 
311 A* 
311 B 
350 X* 
850Y 
399 A 
399 B* 
417 A 
438 B 
461 A 
474 A* 
474 B* 
490 A* 
490 B* 
548 A 
648 B* 
607 A* 
607 B* 


43 A 
52 B 
74 B 
135 Bt 
191 A 
219 A 
278 B 
576 X 
576 Y 


52 A 
377 A 
377 B 
438A 


66A 


66B 


74 A 
105 A 





^Toung when described. 
fLater became self white. 

Table XVI shows the results of a mating of a self white male (9 A) 
with 9 13 A, which was self-white except for a few yellow feathers on 
the head and breast. The male has a ''bull" eye on the left side, but 
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the right eye was that of a normal Tumbler (see PI. II, Figs. 6 and 7), 
and there were no foul feathers in the plumage. "Bull" eye might be 
taken to indicate a locus of pigmentation at this point corresponding 
to a splash in the plumage, but no direct relationship has been estab- 
lished. Apparently it is a condition independent of the factors which 
cause the plumage pigmentation; if anything there appears to be a 
tendency for "bull" eye to accompany white plumage (cf. p. 330). 
Forty-four young resulted from this mating, of which 26 fall in Class 
1, 9 in Class 2, 4 in Class 3, 1 each in Classes 4 and 5, and 2 in Class 6» 

Table XYLl.'— Mating of Self-Whites and of their Splashed Offspring, 





OnrapBiNO 


Parents 


1 

Self 
white 


2 

White 
(c. f.) 


3 

White> 
color. 


4 

White= 

color. 


5 

White < 
color. 


6 

Colored 
(w. f .) 


7 

Self 
oobred. 


J* 15 A — Self white — Class 7 
9 10 A — Sell white — Class 1 


65 A* 




41 A 
41 B 
51 A 
65 B 


51 B 








cf 41 A — White spl. — ClaaB 3 
? 61 A — White spl. — Class 3 




216 A 


lUB 
163 A 
183 A 
183 B 
216 B 
237 A 
(264 B?) 


163 B 
237 B 


264 A 






cf 41 B — White spl. — Class 3 
9 51 B — White spl. — Class 4 








HOB 
218 A 


186 A 




164 B 
186 B 



* Young when described. 



In the first part of Table XVII are shown the results of cross- 
ing a self yellow male (15 A) with a self-white female (10 A — compare 
with first part of Table XV, where this female was shown mated to a 
self-white male). While one young bird was recorded as "white," 
the other 5 offspring fell in Classes 3 and 4. The matings of two pairs 
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of these Fi birds are given in the remaining two sections of the table. 
In the middle section is the mating of 41 A and 51 A, both of which 
were themselves in Class 3, and it will be seen that the larger number 
of their progeny fall in the same class. Below this is a mating of 41 B 
(Class 3) with 51 B (Class 4), and of the 5 offspring produced 2 were 
self colored, while none was lighter than the darker parent. 

Table XVlll.^Mating of WhiU Splash mth Self YeUow. 





OFrapRINQ 


Parentb 


1 

Self 
White 


2 

White 
(c.f.) 


3 

White> 
color. 


4 

White= 
color. 


6 

White < 
color. 


6 

Colored 
(w. f.) 


7 

Self 
color. 


rf 660A — White spl. — ClaaB 5 
V WoA — Self yellow — Claas 7 










1061 C* 
1061 E* 
1061 K* 


1061 B* 
1061 H* 


1061 A 
1061 D* 
1061 F 
1061 G 
1061J 



^Photograph reproduced on Plate lY. 

A mating of a bird with much color (660 A, Class 5) with a self 
yellow female (645 A) is presented in Table XVIII. Here it will be 
noticed that 5 of the 10 young produced are self-colored, 2 are nearly 
so, and 2 have more pigment than white. None has more white 
than color. The range of variation in these birds is shown in the 
photographs (PI. IV, Figs. 14-19). 

It seems clear from the discussion of the tables, and in fact from 
simple inspection of the tables themselves, that in general there is a 
tendency for the oflFspring to be grouped about the mean condition of 
their parents with respect to the amount of pigmentation in the plum- 
age. In this respect the inheritance of white coincides with those 
cases which were formerly given as examples of blending inheritance, 
but which are now more generally attributed to multiple factors. 
There appear to be some reasons for the latter hypothesis, the evidence 
for which cannot be presented at this time, but which we hope to 
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bring forward later when our data are more complete. The statement 
may be made simply that in all probability there is no definite distinc- 
tion in kind between the factors for white concerned in the splashed 
bird and most of those which are responsible for the white in the case 
of definite patterns, such as Rosewing, Mottle, Baldhead, Saddle, 
and the like. On the contrary there may be more or less tendency to 
localization of action in the zygote of all the TV-factors, in which case 
patterns would come about by a condition approaching homozygosity 
for factors acting in certain definite regions and the absence of other 
factors which would affect other regions. The degree to which 
birds would breed true to any pattern would accordingly depend upon 
how closely their factorial composition approached such homozygosity. 
In case this hypothesis is correct it should be possible to separate out 
and identify many of these factors by breeding experiments, and as 
their analysis progressed, what at first was regarded as multiple 
factors would assume more the nature of interacting factors as we 
know them in so many cases. For this reason also the classification of 
the birds simply on the amount of white in the pliunage is perhaps 
not altogether justifiable; nevertheless, in any case it gives a rough 
approximation of the condition, and may serve to show at least the 
general nature of the phenomena involved. 

In view of the various facts which have been presented, it seems 
more logical to consider white in pigeons as dependent upon the siim- 
mation of factors which inhibit pigment formation in the feathers, 
rather than as a recessive condition. 

Summary* 

1. The present bulletin is a study of the inheritance of certain 
colors of Tmnbler pigeons and some of their modifications. These 
colors are red, black, yellow, dun, blue, silver and white. 

2. Only two kinds of pigment are concerned, red and black. 
Red (R) is potentially present in all the birds, but shows only when 
not inhibited and when black {B) is absent, since black is epistatic 
\q red. 
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3. For the full development of intensity of red and black the 
presence of an intensity factor (/) is necessary. In the absence of 
this factor these colors remain in the dilute condition, red appearing 
yello-w and black as dun. 

4. Another factor necessary for the full expression of black is 
one (iS) which is presumed to cause the pigment to spread throughout 
the barbules of the feather instead of remaining climiped in the 
central part of the old barbule cells. When S is absent, and the 
pigment is climiped as described, the appearance known as blue 
results. The dilute condition of blue is silver. The factor S affects 
only black pigmentation and does not produce any difference in the 
app>earance of red, at any rate that has as yet been identified. 

5. White in the plumage of pigeons is due to an indefinite nimiber 
of factors (TTi, TTj, etc.) which inhibit the production of pigment in 
the areas which they hifluence. 

6. Definite patterns may result from the approach to a homo- 
zygous condition for W factors which act on particular definite regions 
of the plumage. 

7. "Reversion" to the wild blue Rock Pigeon type in domesti- 
cated pigeons is due simply to a recurrence of the particular com- 
bination of factors which are present in C. livia. 

8. An extensive experiment on the inheritance of black and red 
showed an over-production of red birds in F2, the ratio being prac- 
tically 2:1 instead of 3:1. This is not due to the absence of the 
homozygous dominant class as in yellow mice. Possible explanations 
are offered but no definite conclusion is reached. 

9. Different strains or family lines appear to have different 
tendencies as to the ratios of blacks and reds they produce in Fs. 
Ltunping all of the results shows still a slight excess of reds. 

10. The ratios of intense to dilute birds from heterozygotes bred 
to other heterozygotes or to dilutes closely approximate Mendelian 
expectation, that is 3:1 and 1:1, respectively. 
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1 1 . Various matings of the different colors give the results expected 
according to theory. A considerable number of illustrative matings 
are presented. 

12. Illustrations are given of matings of white to white, white to 
splash, white to self, splash to splash, and splash to self. In general, 
the offspring tend to be grouped around the parental mean with respect 
to amount of color in the plumage. The evidence supports the 
conclusion that a number of factors are concerned in the production 
of white and splashed birds. 
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Description of Plates* 

Plate I. 

Fig. 1. Dun pigeon (410 A) showing check markings, for the most 
part of the "inner vane" type. The rump and light markings of the 
checks are silvery. 

Fig. 2. Wild Rock Pigeon (C. livia—lQOO A). Blue with black 
wing bars and black terminal band on tail. Note also the very light 
rump typical of C. livia. 

Fig. 3. An ordinary blue Tumbler (26 A). Like the wild Rock 
Pigeon in color except for the light rump. 

Fig. 4. Black bird (182 A) with blue tail and light rump. This 
is the sort of bird which Staples-Browne referred to as "reversionary 
blue." 

Fig. 5. An extracted blue (1242 A). The parents were a black cf 
from a silver X black mating and a white splash 9 from a silver X 
white mating. 
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Plate II. 

Fig. 6. Right side of head of white d^ 9 A showmg typical Tumbler 
eye. 

Fig, 7. Left side of head of 9 A with " bull " eye. 

Fig. 8. Self white rf* 12 A used in the matings shown in Table XV. 

Fig. 9. Self red 9 2 A. A mating of this bird with 12 A is given 
in Table XV. Four of the oflfspring of this pair are shown in Plate 
III. 

Plate III. 

Four splashed offspring from cf 12 A X 9 2 A (see Table XV and 
Plate II). 
Fig. 10. No. 459 B (9), white splashed with yellow. Class 3. 
Fig. 11. No. 459 A (9), white splashed with red. Class 4. 
Fig. 12. No. 482 B, white splashed with red. Class 3. 
Fig. 13. No. 482 A (c?), white splashed with red. Class 4. 

Plate IV. 

Six offspring from mating white splash rf* 660 A X self yellow 9 645 
A (see Table XVIII). The appearance of the birds as reproduced 
here does not correspond exactly with their placing in the table, (1) 
because they changed somewhat in appearance between the time the 
early descriptions (upon which the classification is based) were taken 
and the time of photographing, and (2) because there is on some, for 
example 1061 C, a light diffusion of pigment over much of the area 
which appears white in the photograph. 

Fig. 14. No. 1061 C, white splashed with reddish. Class 5. 

Fig. 15. No. 1061 E, white splashed with black. Class 5. 

Fig. 16. No. 1061 K, white splashed with black. Class 5. 

Fig. 17. No. 1061 B, red with a few white markings. Class 6. 

Fig. 18. No. 1061 H, red with white markings (note white upper 
tail covert). Class 6. 

Fig. 19. No. 1061 D, self red. Class 7. The light areas in the 
photograph are due to the light under color and do not represent 
white in the plumage. 
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STUDIES ON FOWL CHOLERA: IV. THE 

RECIPROCAL RELATIONS OF VIRULENT 

AND AVIRULENT CULTURES IN 

ACTIVE IMMUNIZATION.* 



Philip B. Hadlet. 



In previous papers, the present writerf has described certain aspects 
of an active immunity produced in rabbits against infection with 
virulent cultures of the fowl cholera bacterium. 

The results were, briefly, as follows: Among nine cultures exam- 
ined for their resistance-producing i)ower, one was found (Culture 52) 
which was capable, when inoculated subcutaneously in amounts of at 
least 0.000,000,01cc., of producing, within one to two weeks, a perfect 
immunity against any reasonable amoimt of the most virulent culture 
obtainable (Culture 48). J The inoculation with Culture 52 is fol- 
lowed, usually within two to four days by an induration which later 

^Contribution 208 from the Aipicultural Experiment Station of the Rhode laland State College. 

tRhode Island Agr. Expt. Sta. Bui. 140, 1911; Centbl. Bakt., Abt. 1, Orig., 1911, 61, p. 323; 
Rhode Island Agr. Expt. Sta. Bui. 150. 1912; Centbl. Bakt., Abt. 1, Orig., 1913, 09. 271-311; and 
Rhode laland Agr. Expt. Sta. Bui. 157. 1914. 

tTbe M. L. D. of thia culture was found to be from one to four organisms, inoculated suboutane- 
ously. 
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becomes necrotic and eventually undergoes drainage, followed by 
healing. Immunity against virulent Culture 48 seems to be per- 
manently acquired. In immune females it persists to such a degree 
that even two and one-half years after immimization they are able to 
give birth to young rabbits that are immune for about the first 
forty days of life. In these young animals this inherited immunity 
can be transformed by means of appropriate inoculations of virulent 
culture, administered at the proper time, into a permanent active 
immunity.* Guinea-pigs were rendered perfectly inmiune to intra- 
peritoneal inoculationf with fowl cholera virus; fowls and pigeons in a 
few tests have also been rendered somewhat resistant, though, at the 
present stage of the investigation, less so than rabbits. 

In these cases, the test of immunity was usually inoculation with 
virulent Culture 48, a strain i)ossessing maximum virulence. There 
exist in natm^, one might believe, many different virulent strains of 
the fowl cholera bacterium and many that are non-virulent; the 
question is naturally raised whether Culture 52, which first proved 
effective in immunizing against Culture 48, would also create resist- 
ance against other virulent strains. During the past two years oppor- 
tunity has been offered through the acquisition of new cultures, to put 
this matter to test. In addition, a continued study has been made of 
the immunizing ability of other non-virulent or slightly virulent 
cholera cultures obtained since the results rei)orted in Bulletin 150.{ 
It is therefore the aim of this paper to present data on both these sub- 
jects. Unless otherwise indicated the cultures were grown for 48 
hours in beef or chicken broth at 37® C, and the inoculations 
made subcutaneously in the abdomen. 

*See Rhode Island Ezpt. Sta. Bui. 157, 1914. 

tGuinea-pigs are naturally immune to virulent fowl cholera cultures when inoculated aubcutane* 
ouflly. 

tAt that time (1912), nine different cultures had been tested (16, 42, 45. 46, 47, 50, 51. 52, and 
54). Of these, several were pathogenic for young or half-grown rabbits (45, 47), and all produced 
local abscesses upon inoculation, but none wore fatal for adult rabbits. Of these nine. Culture 52 
was the only one that conferred sufficient resistance to protect against large doses of virulent 
Culture 48. One possible exception to this was Culture 45 which, in one instance appears to have 
extended the fatal termination from 18 hours (which is about the average) to 6 V^ days; and Culture 
54 which extended the period (one case only) to 3H days. A repeated test of Culture 45, however, 
reported in this paper indicated no immunising power. 
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I* Protection Afforded by the Avirtilent Culttfres* 

In this section are considered the nine avirulent or slightly virulent 
strains, 45, 63, 65, 66, 67, 69, 84, 96, 97; also the non-typical, cholera- 
like cultures 81, 82 and 85.t Culture 45 is re-tested. 

CuUure ^5. — On July 2, 1914, a half-grown rabbit was inoculated 
with O.lcc. of Culture 45. Infiltration, abscess and drainage followed. 
On July 8, this animal received O.Olcc. of culture 48. Death fol- 
lowed in about 14 hours, a control dying in the same time. No 
protection resulted from this inoculation with Culture 45. 

CuUure 63, — On July 2, 1914, a half -grown rabbit was inoculated 
with O.lcc. of Culture 63. There was no reaction and on July 8, 
the same animal was re-inoculated with O.Olcc. of Culture 48. Death 
followed in about 38 hours, a control animal (1143) djdng in ttbout 14 
hours. Apparently Culture 63 i)ossesses practically no protective 
value agamst virulent Culture 48. The prolonging of the fatal ter- 
mination in the treated rabbit is probably not significant. In fact, 
the absence of local reaction after the first inoculation suggested that 
too small an amount of culture had been injected. For this reason 
the test was repeated as follows: 

On July 23, 1914, a half-grown rabbit was inoculated with O.lcc. of 
Culture 63. Abscess and drainage followed. On July 31, this animal 
was inoculated with O.Olcc. of Culture 48. Death followed in 14 
hours. Culture 63 furnished no resistance. 

CvUure 65. — On May 19, 1914, a three-fourths-grown rabbit 
(1096) was inoculated with O.lcc. of Culture 65. Abscess and drain- 
age followed. On July 2, 1914, this animal received O.Olcc. of Culture 
48 and died in 16 hours; a control rabbit (1130) which received the 
same amount, d3ring in 15 hours. Apparently Culture 65 had no 
protective action against infection with Culture 48. 

CvUure 66. — On August 2, 1912, a rabbit (827) was inoculated with 
lee. of Culture 66. On the same date an adult fowl (827A) received 
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the same amount deep in the pectoral muscles. The inoculations 
were repeated on August 15, the same amount of culture being used. 
On September 25, 1912, the fowl received O.lcc. of virulent Culture 48 
and experienced no ill effects. A control rabbit (869), receiving 
O.OOlcc. subcutaneously, died in about 14 hours. Unfortunately the 
other rabbit was not inoculated at this time, but when it was inocu- 
lated December 17, 1913, with O.lcc. of Culture 48, death followed in 
13 hours. Apparently Culture 66 had no protective value. 

Culture 67.— Or August 16, 1912, an adult rabbit (860) was inocu- 
lated with O.lcc. of Culture 67. On December 17, 1913, the same 
rabbit received O.lcc. of Cultiu-e 48, and remained alive, while the 
control rabbit (1051) died in 12 hours. Apparently some d^ree of 
protection had been afforded by the earlier inoculation with Culture 
67, and this resistance had endured through a period of one year and 
four months. Unfortunately, since Culture 67 was lost shortly 
after the above test was made, this result could not be confirmed. 

Culture 69.— On May 13, 1914, an adult rabbit (1112) was inocu- 
lated with Ice. of a 24-hour culture of Strain 69. On May 14, an 
infiltration had formed at the point of inoculation. On May 18, 
this had become necrotic and drained. On July 2, O.Olcc. of Culture 
48 was injected, a control rabbit (1130) being inoculated with the same 
amount. The principal died in 19 hours, the control in 15. 

The test was repeated as follows: On May 19, 1914, a three- 
fourths-grown rabbit (1097) was inoculated with O.lcc. of Culture 69; 
abscess and drainage followed. On July 8, this animal received 
O.Olcc. of Culture 48, a control (1143) being inoculated with the same 
amount. The principal died in 16 hours, the control in 14. From 
these data it is clear that inoculation with Culture 69 afforded no 
protection against virulent Culture 48. 

Culture 84' — This strain, when first tested showed weak virulence 
and is therefore listed among the virulent cultures considered in the 
second portion of this paper. Subsequently, however, even this slight 
virulence was lost, and for this reason it may also be regarded in the 
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present section as a possible immunizing culture. But one test against 
Culture 48 was made. On July 2, 1914, rabbit 1136 was inoculated 
with O.lcc. of Culture 84. Abscess and drainage followed on July 6. 
On July 13 the rabbit was tested with O.Olcc. of Culture 48 and died 
in about 16 hours. It thus appears that inoculation with Culture 84 
furnished no resistance.* 

Culture 96. — On Jime 11, 1914, an adult rabbit (1126) was inocu- 
lated subcutaneously with O.lcc. of a bouillon culture of Strain 96. 
On June 17, there was a marked infiltration; an abscess formed and 
drainage took place June 26. On July 2, this animal was inoculated 
with O.Olcc. of Culture 48. Death followed in 15 hours, the control 
rabbit (1130) dying in the same time. Culture 96 thus appeared to 
have no protective value against virulent Culture 48. 

Culture 96 was obtained in April, 1914, from KraFs Laboratory 
where it was maintained as the reported cause of a '^ Kanarienseuche." 
Upon morphological and cultural study, it appeared to show the 
typical features of the fowl cholera bacterium and is undoubtedly a 
member of this group. 

CvUure 97. — On June 11, 1914, an adult rabbit (1127) was mocu- 
lated subcutaneously with O.lcc. of Culture 97. A slight swelling 
resulted, and in a short time followed the usual course of necrosis 
and drainage. On July 2, this rabbit was inoculated with O.Olcc. of 
Culture 48, a control animal (1130) receiving the same amount. 
Both animals died in 15 hours, demonstrating the absence of protec- 
tive value in Culture 97. 

Culture 97 was obtained in April, 1914, from Krars Laboratory 
where it was maintained as Bad, phasianidda (Klein). As was the 
case with Culture 96, this bacterium resembled culturally the fowl 
cholera type, although in size it was slightly larger. In all probability 
it belongs to the fowl cholera group. Neither culture possessed viru- 
lence at the time of their acquisition. 

CvUure 81, — ^Among the known cholera cultures maintained in the 
laborat ory collection, there was one which, though isolated from a 

*For other data on Culture 34, see page 397, second section of this paper. 
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cholera-like disease in poultry occurring in Rhode Island^ departed 
widely from the fowl cholera type, especially with respect to its action 
on milk and on the fermentable sugars. This culture was, neverthe- 
less tested for its immunizing power against virulent Culture 48. 
The data are as follows: 

On May 27, 1914, a half -grown rabbit (1120) was inoculated 
with Ice. of Culture 81. Abscess and drainage followed. On July 8, 
this animal was inoculated with O.Olcc. of Culture 48. Death 
followed in about 14 hours, as in the control rabbit (1143). No 
protection had resulted from the earlier inoculation with Culture 81. 

Culture 82,— On August 25, 1913/ an adult rabbit (1029A) was 
inoculated with O.lcc. of a 24-hour bouillon culture of Stndn 82, 
supposed at the time to belong to the fowl cholera group. On August 
29, there was an infiltration the size of a marble. On September 4, 
an abscess had formed and drauied, and the wound had closed. On 
December 17, 1913, this animal was injected with O.lcc. of a 24-hour 
bouillon culture of Strain 48. Death followed in 13 hours, as in the 
control (1051). No appreciable resistance had been conferred by 
inoculation with Culture 82. 

Culture 82 was obtakaed in August, 1913, from Eral's Laboratory, 
where it was known as the "Wiirtzburg strain" of the fowl cholera 
bacterium. Virulence tests on a rabbit (1029A) and a pigeon (1089) 
were negative; the rabbit developed an abscess which drained and 
healed naturally. Subsequent to this, the cultural features of Culture 
82 were submitted to a thorough study. In brief, it appeared that 
the Wiirzburg strain could not be classed with the fowl cholera type, 
and hence in any case, could scarcely be expected to develop immunity 
toward actual fowl cholera bacteria. 

Culture 85.— On August 25, 1913, a rabbit (1032A) was moculated 
with O.lcc. of a 24-hour bouillon culture of Straui 85. On August 29, 
the mfiltration was slight and no abscess had formed. No change had 
taken place on September 4. On September 14, nearly three weeks 
after inoculation, the animal died, presumably as a result of the inocu- 
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lation. It thus appeared that Culture 85 possessed an intermediate 
virulence. 

A further test was made as follows: On December 4, 1913, an 
adult fowl (1049), a pigeon (1050), two adult rabbits (1052), (1053), 
and one guinea pig (1054) were inoculated with Culture 85, in the 
following amounts, respectively: Ice, Ice, 2cc., 2cc., and 2cc. In 
rabbit 1052, no infiltration was produced; in rabbit 1053, a small 
hard infiltration was apparent on the fifth day after inoculation, but 
this was re-absorbed without becoming necrotic. All the animals 
mentioned above, together with one control rabbit (1051), were inocu- 
lated (birds, intramuscular; rabbits and guinea-pigs, subcutaneous) on 
December 17, 1913, with O.Olcc. of Culture 48. The fowl and the 
pigeon died in less than 24 hours. The two rabbits died in 14 hours, 
while the guinea-pig proved refractory.* 

Culture 85 was obtained from Krai's laboratory in August, 1913, 
where it was known as the "Ficker strain" of the fowl cholera 
bacterium. Virulence tests were made as follows: 

Rabbit — subcutaneous — O.lcc. — lives. 

Rabbit — subcutaneous — 2cc. — lives. 

Rabbit — intravenous — Ice. — lives. 

Rabbit — intraperitoneal — Ice. — lives. 

Pigeon — intramuscular — Ice. — lives. 

Fowl — intramuscular — Ice. — lives. 

Fowl — by feeding — lOcc. — lives. 

In rabbits the infiltrations were always small and frequently no 
abscess was formed. 

Subsequent to these tests, which indicated that the culture pos- 
sessed practically no virulence and no immunizing power, the cultural 
features were studied in detail, and indicated that Culture 85, as was 
the case with Culture 82, did not belong to the fowl cholera type. 
The fact, however, that in Krai's Laboratory Cultures 82 and 85 had 
been classed as fowl cholera organisms, suggests the existence in 
Europe of diseases clinically similar to fowl cholera, but characterized 

*Thi8 does not neoesaarily imply that thia animal had been rendered immune by the previous 
inoculation with Culture 85, sinoe nearly all guinea-pigs are resistant to large doses of virulent 
cholera cultures when administered subcutaneously; intraperitoneal inoculations are fatal. In this 
cue the subcutaneous inoculation was inadvertent. 
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by a different etiology. Obviously, in these cases, no resistance 
against infection with Culture 48 could have been expected. 

Summarized statement regarding the immunizing value of the non- 
virulent strains, — During the past four years, seventeen strains 
of the fowl cholera bacterium have been tested for their immunizing 
power against virulent Culture 48. Of these avirulent cultures, nine 
were reported on in former publications* and the results need be only 
smnmarized here. The cultures mentioned were Strains 16, 42, 45, 
46, 47, 50, 51, 52 and 54. Of these nine cultures, one only, Culture 
52, possessed the ability regularly to produce inununity in the inocu- 
lated animals. 

Of these later series of cultures, eight have been mentioned in the 
foregoing pages, viz.: Cultures 63, 65, 66, 67, 69, 84, 96 and 97; also 
the non-typical cultures of questionable position, 81, 82 and 85; also, 
Culture 45, mentioned in the former series, but re-tested at this tune. 
Of these eleven new cultures, only one. Culture 67, showed protective 
value, and since this culture was lost, the circiunstance cannot now 
be verified by a confirmatory test. 

Up to the present time, therefore, a total of twenty avirulent 
strains (including the atypical and doubtful cultures, 81, 82 and 85), 
have been tested for their immunizing power. Of these, one only, 
Culture 52, has been fully demonstrated to possess this inmiunizing 
ability as a constant and never-varying characteristic. This strain 
may therefore be regarded as unique and in the following section will 
be considered the relation of this immunizing culture to certain 
strains, which, in contrast to the cultures mentioned in the present 
section, possessed a high degree of virulence for fowls, pigeons, 
rabbits and other laboratory animals. 

II* Protection Afforded by Ctilttire 52 Against Other 
Virulent Strains than Culttfre 48. 

Under this head are considered infections with the twelve virulent 
Cultures 60, 61, 62, 64, 68, 70, 71, 72, 73, 83, 84 and 91. Culture 
84 is considered also in the former section. 

*Rhode Island A«r. Ezpt. Station Bui. 150, 1912. Centbl. Bakt., Abt. 1. Orig.. 1913. 69,.27I-^11. 
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Culture ^0.— On January 22, 1912, an adult rabbit (799) received 
Ice. of a suspension in broth of a 48-hour agar culture of Strain 52;. 
abscess-formation and drainage followed. One week later, this rabbit 
received subcutaneously in the flank. Ice. of a 2-day agar culture of 
Strain 48 and lived. On February 13, the animal received sub- 
cutaneously O.lcc. of Culture 60 and lived, while two controls, 
(777, 800) which were infected in the same manner and with the same 
amount of Culture 60, died in 15 and 14 hours, respectively. 

Obviously, from the result of this experiment one can conclude that 
the protection against Culture 60 may have resulted from the com-^ 
bined action of Cultures 52 and 48, rather than from the action of 
Culture 52 alone. No further light can be thrown on this point since 
Culture 60 was lost soon after the tests reported above were made. 

Culture 61.— On September 29, 1911, two rabbits (752, 753)' 
received each O.lcc. of a bouillon culture of Strain 52. Abscess- 
formation and drainage resulted. On December 1, both rabbits- 
were inoculated with 0.000 ,001cc. of Culture 48, and were immune, the 
control guinea-pig (698) inoculated intraperitoneally with O.lcc. of 
Culture 48 dying in 39 hours. 

Fifteen weeks after the inoculation with Culture 52, both the sur- 
viving rabbits, together with one control rabbit (756) were inoculated 
with O.lcc. of a broth culture of Strain 61. The two immunized 
rabbits lived, while the control died in about 30 hours. 

This exi)eriment was repeated as follows: Two adult rabbits^ 
(681, 683) were inoculated on August 18, 1911, with O.Olcc. and 
O.000,lcc. of Culture 52. In each, at the site of inoculation (abdomen),, 
there developed an abscess which imderwent natural drainage. On 
September 22, both rabbits, together with one control (685A) received 
0.000,001cc. of Culture 48. The control died in two and one-half 
days; the other animals lived. On August 7, 1912, these animals were 
inouclated again with O.Olcc. of Culture 48; small infiltrations^ 
developed and they still proved immune. 

On August 15, 1912, these two rabbits, together with one control 
(856) were inoculated with Ice. of Culture 61. While both survived^ 
the control died in 14 hours. 
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Obviously, in these experiments, one can assume that the resist- 
ance against infection with Culture 61, might have been determined 
by the combined action of Cultures 52 and 48, rather than by Culture 
£2 alone. This point has not further been tested since Strain 61 is 
no longer in the laboratory series of cultures. 

Culture 62.— On February 25, 1914, an adult rabbit (1069) was 
inoculated with O.lcc. of Strain 52. A typical abscess formed and 
underwent natural drainage. On April 15, 1914, this animal was 
inoculated with O.lcc. of Culture 62. Death followed in 37 hours. 
A control pigeon inoculated in the breast muscle with the same 
amount, died in 27 hours. Other virulence tests were positive. In 
this instance it is apparent that the inoculation with Culture 52 on 
February 25 had practically no protective effect against Culture 62, 
a strain possessing fair virulence. 

A further test was made as follows: On June 11, 1914, an adult 
rabbit (1125) nearly three years old, was inoculated with O.lcc. of Cul- 
ture 52. On June 17, the resulting infiltration had become necrotic 
and drainage took place on June 30. On July 2, this rabbit was 
infected with O.lcc. of Culture 62, the material being inoculated several 
centimeters distant from the former lesion. A half-grown rabbit, 
serving as control (1 137) was inoculated with the same amount. The 
principal lived, while the control died in 25 hours. In this case, 
protection appears to have resulted from inoculation with Culture 
52, but in view of the difference between the results of the first and 
second tests, a third test was made as follows: 

On July 2, 1914, a half -grown rabbit (1139) was inoculated sub- 
cutaneously with Culture 52 and typical abscess and dnunage 
resulted. On July 8, this rabbit, together with one control (1146) 
the same size, age and weight, was inoculated with O.lcc. of Culture 
62. The principal died in about 24 hours, the control in 38 hours. 

From the data on the three tests presented above, it appears 
that the results in the employment of Culture 52 as an immunizing 
agent against Culture 62 are variable. With the exception of Culture 
83, this is the only instance in the period covered by the present 
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study, in which the results are not clear-cut. In all other cases. 
Culture 52 immunizes perfectly or it confers no appreciable resistance. 
In the case of Culture 62, it may prove that further tests will settle 
the i)oint one way or the other. At the present time, however, it 
seems that the protective power of Culture 52 alone against Culture 
62 is negUgible except in the case of vigorous well-matured animals. 

The question now arises : Is the cumulative effect of an inoculation 
with, first, Culture 52, and later Culture 48, sufficient to prevent fatal 
infection with Culture 62. The following experiment bears upon this 
point. 

On September 29, 1911, an adult rabbit (754) was inoculated with 
O.lcc. of Culture 52. Another rabbit (755) was inoculated July 28, 
1911, with 2cc. of Culture 52 in broth, heated at 44'' C. for three 
hours. Both inoculations were followed by abscess-formation and 
drainage. 

On December 1, 1912, the first rabbit (754) was inocluated with 
0.000,001cc. of Culture 48, while the second rabbit received 0.000,- 
000,001cc. Both lived, while the control guinea-pig (intraperitoneal) 
died m 39 hours. 

On January 11, 1912 (15 weeks after inoculation with Culture 52 
in the case of the first rabbit and 6 months later in the case of the 
second), both rabbits, together with one control (757), were inocu- 
lated with O.lcc. of Culture 62. The first and second rabbits Uved, 
while the control died in about 16 hours. 

This test was repeated as follows: On July 17, 1911, two adult 
rabbits (588, 595) were inoculated one with 2cc. of Culture 52 in 
broth, the other with O.lcc. The usual abscess-formation and drain- 
age resulted. On August 4, both animals received 0.000,000,001cc. 
of Culture 48 and both lived. On August 7, 1912, both were inocu- 
lated with O.Olcc. of Culture 48 and lived. 

On August 15, 1912, these same rabbits and a control (857) received 
Ice. of Culture 62 in broth. The principals lived, while the control 
died in 14 hours. 
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In these cases, as in the mstance of Culture 61, it is permissible to 
believe that the inoculation with Culture 48 in addition to the inocu- 
lation with Culture 52, favored the production of perfect immunity 
against infection with virulent Culture 62, toward which Culture 52 
alone does not always exert a protective action. 

Culture 64.— On July 17, 1911, an adult rabbit (628) was moculated 
with 2cc. of Culture 52. On August 25, 1911, this animal received 2cc. 
of Culture 48, while a control rabbit (629) received 0.000,000,001cc. 
of Culture 48. Rabbit 628 lived, while the control died in about 14 
hours. 

On March 28, 1912, rabbit 628, together with a control rabbit 
and a control pigeon (591, 592) received Ice. of Culture 64. The 
controls died in about 13 hours, while rabbit 628 lived. Here it is 
apparent that the combined effect of the inoculations of Cultures 52 
and 48 was to afford protection against infection with Culture 64. 
Since this culture was lost, no opportunity was afforded to test it 
against Cultiu^ 52 alone. 

CvUure 68*.— On February 25, 1914, an adult rabbit (1070) was 
inoculated subcutaneously with O.lcc. of Culture 52. On March 1, 
there was an abscess as large as a walnut; on March 3, this drained and 
soon healed. On June 11, the rabbit received subcutaneously Ice. of 
Culture 68. There was no local reaction and the animal remained in 
good health. Unfortunately there was no control on this inoculation, 
although at the last previous inoculation of a pigeon with O.lcc. of 
the same culture on May 14, 1914, the bird died in 13 hours, thus 
demonstrating high virulence. In order, however, more thoroughly 
to test the matter rabbit 1070 was re-inoculated on Jime 11, 1914, 
with Ice. of Culture 68. There was no reaction; the animal remained 
in good health. 

Culture 71. — On July 17, 1911, a young rabbit (627) was inoculated 
with 2cc. of Culture 52. On July 26, an abscess had formed, was 
mcised and dramed. Healing had taken place on August 25, 1911. 

*From Knd'a Laboratory where it was known as the "Hanover Strain." 
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On this date the rabbit received 0.5cc. of Culture 48, and on 
August 2, 1912, 0.Olcc. On November 7, 1912, 0.Olcc. of Culture 71 
was moculated, a control (941A) receiving the same amount. The 
principal lived, while the control died in 18 hours. In this instance 
it is clear that the combined action of Cultures 52 and 48 furnished 
resistance against the virulent Culture 71 . Whether Culture 52 alone 
would have given the same result cannot now be stated; Culture 71 
was lost before other tests could be made. That the virulence of 
Culture 71 was great was shown by the following tests: 

Rabbit, Ice, subcutaneous, died in 18 hours. 
Fowl, O.Olcc. intramuscular, died in 15 hours. 

CuUure 70. — On the same dates mentioned above with reference to 
the tests of Culture 71, other rabbits were tested with Culture 70. 
The rabbit (628) which had received both Cultiure 52 and 48 survived 
inoculation with Culture 70, while a control rabbit (942A) died in 14 
hours. Owing to the loss of the cultiu-e it was not tested against Cul- 
ture 52 alone. That it possessed high virulence, however, is shown 
by the following virulence tests : 

Rabbit, O.Olcc. subcutaneous, died in 14 hours. 
Fowl, O.lcc. intramuscular, died in 15 hours. 

Cvliure 7$.— On June 30, 1911, a rabbit (943) was moculated with 2 
min. of Culture 52. On July 17, 1911, this animal received 0.000,000,- 
000,001cc. of Culture 48 and lived. On November 7, 1911, O.Olcc. of 
Culture 72 was inoculated subcutaneously. The animal lived, while 
the control rabbit (943A) died in 60 hours. The combined action of 
Cultures 52 and 48 here also affords resistance, although the virulence 
of Culture 72 was not nearly as great as that of Cultures 70 and 71 ; 
this is indicated also by a virulence test in which a rabbit, inoculated 
subcutaneously with Ice. died in 42 hours. 

CuUvre 75.— On January 16, 1912, an adult rabbit (759) received 
subcutaneously Ice. of Culture 52 on broth. An infiltration was 
formed and the consequent abscess drained as usual. On August 2, 
1912, this rabbit received O.Olcc. of Culture 48. Infiltration and 
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abscess-fonnation followed. On November 7, 1912, this animal 
received O.Olcc. of Culture 73 and lived, while the control rabbit 
(944A) died in 20 hours. In this case the inoculation with Culture 
52, followed by inoculation with Culture 48, appears to have given 
perfect immunity. The protective value of Culture 52 alone was not 
tested because of the loss of Culture 73. 

Culture 83.— On March 16, 1914, an adult rabbit (1075) was inocu^ 
lated with O.lcc. of a 48-hour broth culture of Strain 52. Abscess 
and dramage followed. On April 15, this rabbit received subcutane- 
ously O.lcc. of Culture 83. Death followed in 27 hours, whereas the 
control (1095) died in less than 24 hours. Apparently no protection 
had resulted from the earlier inoculation with Culture 52. 

A second test was made as follows: On June 11, 1914, an adult 
rabbit (1123) received subcutaneously O.lcc. of Culture 52. Abscess 
and drainage followed. On July 8, this animal was inoculated with 
O.Olcc. of Culture 83, a control rabbit (1135) receiving the same 
amoimt. The principal lived, while the control died in about 38 
hours. From these data it is evident that Culture 52 possesses a 
certain amoimt of immunizing power against Culture 83, but that 
this power is somewhat imconstant. 

These results may now be compared with a case m which a cumula- 
tive effect of inoculation with both Cultures 52 and 48 operates against 
infection with Strain 83. 

On January 16, 1912, a rabbit (759) was inoculated with Ice. of 
Culture 52. Abscess-formation and drauiage followed. On August 
2, 1912, the animal received O.Olcc. of Culture 48 and lived, while the 
control (824B) died in about 21 hours. On August 25, 1913, rabbit 
759 was again inoculated, together with a control (1030A) with O.lcc. 
of Culture 83. The principal lived, while the control died in 14 hours. 

From these cases it is indicated that in one instance, inoculation 
with Culture 52 alone conferred no appreciable resistance against 
virulent Culture 83, while in the other instance resistance was pro- 
duced by Culture 52 alone. Furthermore, that effective resistance 
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IB conferred by the inoculation of Culture 52 when followed after an 
appropriate interval with an inoculation with Culture 48. 

Culture 83 poBsesses high virulence as indicated by the following 
tests: 

Rabbit, O.lcc, subcutaneous, died in 14 hours. 

Pigeon O.lcc, intramuscular, died in 54 hours. 

Pigeon^^O.lcc, intramuscular, died in 24 hours. 

Culture 83 was obtained from Krai's Laboratory, where it was 
known as the ^'Kopenhagen Strain" of the fowl cholera bacterium. 
Cultural studies subsequently made demonstrated that it possessed 
the main features of the fowl cholera type, thus differing from the 
"Wiirzburg" and "Ficker" strains, which were probably not repre- 
sentatives of this group. 

Culture 54. — On January 31, 1912, rabbit 783 was inoculated with 
O.lcc. of Culture 52; abscess and drainage followed. On May* 1, 
1912, this animal was inoculated with O.lcc. of Culture 48. Inocula- 
tion with O.Olcc. of Culture 48 was repeated on August 7, 1912. In 
both cases, the principals lived, while the control animals died in 
from 12 to 16 hours. 

On August 25, 1912, rabbit 783 (1031) was inoculated, together 
with a control rabbit, with O.lcc. of Culture 84. While 783 lived, the 
control died in about 84 hom^. 

The virulence of Culture 84 for pigeons and fowls was low as 

indicated both by the results presented above and by the following 

tests: 

Fowl, Ice, intramuscular, lives. 
Pigeon, O.lcc, intramuscular, lives. 

This test was repeated as follows: On June 11, 1914, an adult 
rabbit (1124) was inoculated with O.lcc. of Culture 52; abscess and 
drainage resulted. On July 2, this rabbit was inoculated with O.lcc. 
of Culture 84. On July 3, a small swelling was apparent, but this was 
not followed by abscess-formation or drainage. The animal remained 
in good health. A control rabbit (1136) which received the same 
amount of Culture 84 showed a small infiltration on July 3, followed 
by abscess and drainage on July 6. Here it agam appeared that 
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Culture 84 possessed almost no virulence. The control rabbit men- 
tioned above was inoculated with Culture 48 on July 13, to ascertain 
whether the inoculation with Culture 84 had produced any resistance. 
Death followed in about 16 hours, thus demonstrating the lack of both 
virulence and protective power in Culture 84. 

Culture 84 was obtained from Karl's Laboratory, where it was 
known as the "Halle Strain" of fowl cholera bacterium. Since in 
later tests, this culture was found to possess almost no virulence, it 
will be found listed also in the first section of this paper, among the 
avirulent strains. 

CvUure 91. — On March 16, 1914, a three-quarters-grown rabbit 
(1076) was inoculated subcutaneously with O.lcc. of Culture 62. 
A typical abscess, with drainage, resulted. On April 15, 1914, this 
animal received O.lcc. of Culture 91, subcutaneously; no ill effects 
were experienced. The control (pigeon, 1095) .died in less than 24 
hours. In this instance it is apparent that the inoculation with 
Culture 52 alone was able to bring about complete resistance against 
Culture 91, thus suggesting that Culture 91 differs, either in degree 
of virulence or in some other biological feature, from Cultures 62 and 
83, against which Culture 52 alone was found to produce immunity 
only irregularly. That as in the former cases, the inoculation of both 
Culture 52 and (later) Cultures 48 and 83, results in the production 
of resistance of a high order is shown by the following case. 

On January 16, 1912, an adult rabbit (769) was inoculated with Ice. 
of Culture 52 in broth. On August 2, 1912, the animal received O.Olcc 
of Culture 48 and lived, while the control (824B) died in about 21 
hours. On August 25, 1913, the animal received O.lcc. of Culture 83 
and lived, while the control (1030A) died in 14 hours. On December 
18, 1913, O.lcc. of Culture 48 was injected and the animal lived, while 
the control died in 12 hours.. On February 20, 1914, Ice. of Culture 
91 was injected. The rabbit lived, while the controls (rabbit, 1068; 
pigeon 1067) died in 12 hours. 

From these tests it is apparent that inoculation with Cultures 52, 
48 and 83 in series, gave perfect immimity agauist virulent Culture 
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91 y although the degree was possibly no greater than that which would 
have been obtained from inoculation of Culture 52 alone, or from the 
combined action of Cultures 48 and 52. 

Summarized atatemenJt regarding the protection afforded by Culture 58 
against other virulent strains than CvUure 48, — ^In the present section 
data are presented on attempts to produce resistance against 12 viru- 
lent strains of the fowl cholera organism, exclusive of Culture 48, the 
most virulent strain in the entire series. Against this strain successful 
inmiunization has already been reported.*! 

Against five of the twelve virulent strains mentioned, immuniza- 
tion was attempted by the emplo3rment of Culture 52 alone. In three 
of the five cases, inoculation with Culture 52 conferred perfect resist- 
ance against the virulent strains (Cultures 68, 84 and 91). In the 
other two cases (Cultures 62 and 83), inoculation with Culture 52 
alone did not produce resistance in all tests; the results were imcertain. 

It appears, however, that in all cases in which the emplo3rment of 
Culture 52 alone failed to produce immimity or gave questionable 
results, viz. : against Cultures 62 and 83, a perfect resistance was 
produced by the employment of Cultures 52 and 48 inoculated succes- 
sively in the sequence mentioned. 

Furthermore, in all other cases in which it was not actually demon- 
strated that Culture 52 alone was protective against the virulent 
cultures (viz.: Cultures 60, 61, 64, 70, 71, 72 and 73) it was shown 
conclusively that the combined action of the two cultures (52 and 48) 
produced perfect immunity. These data may be summarized in 
Table 1. 

*8ee Rhode Island Agr. Ezpt. Sta. Bui. 155. 1013. 
tSee Centbl. Bakt., Abt. 1, Orig.. 1013, 60. (4), 271. 
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Table I. — Showing the protective value of CvUure 62 alone, and of 
CvMure 62 supplemented by Culture 43, against virulent strains 
of the fowl cholera bacterium. 



Virulent 


Culture 62 


Culture 52 plus 


Cultures. 


alone protects. 


Culture 48 itroteet.. 


60 


Not tested 


+ 


61 


u 


+ 


62 


(-) (+)• 


+ 


64 


Not tested 


+ 


68 


+ 


+ 


70 


Not tested 


+ 


71 


« 


+ 


72 


l( 


+ 


73 


(1 


+ 


83 


(-) (+)t 


+ 


84 


+ 


+ 


91 


+ 


+ 



*Re8ult negative in two oases; positive in one ease. 
tResult negative in one case; positive in one case. 

m* Discussion* 

The data presented in the foregoing pages have a particular bearing 
upon two phases of active immunization, — one a general point, the 
other especially concerned with immimization in fowl cholera. 

When the present investigation was begun it was not strongly 
anticipated that the experiments in active immunization would be 
productive of successful results. The idea involved was opposed 
to the chief trend of practically all previous experimental data with 
reference to fowl cholera; and, in fact, with reference to all diseases of 
the hsemorrhagic septicaemia group. It was thought that a few cul- 
tures might reveal a slight immunizing power. But it resulted that 
only one culture possessed any immimizing power whatever, while the 
immunizing power of that one culture was, so to speak, perfect. The 
results were so definite and so constant that it may now be said with- 
out exaggeration that there is no known bacterial disease in which 
active immunization can be obtained by so simple and so sure a 
method as in the present instance. A single subcutaneous injection 
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of from 0.000,000,01 to 2.0cc. of living Culture 52 attains this end, 
within a period of seven days from the time of inoculation. 

The question is now raised — ^What is the significance of this 
immunizmg strain par excellence? Here, apparently is a unique 
culture of the fowl cholera bacterium, — one which cannot be differen- 
tiated morphologically, culturally or biochemically from sixteen other 
similar cultures which are also non-virulent, but fail to immunize; 
or from twelve other virulent cultures which invariably give fatal 
results on inoculation. 

May we regard this as a hint that in other pathogenic bacterial 
species there exist, among the many avirulent strains, one or two, 
perhaps, that may be characterized as immunizing cuUuresf In 
pneumonia, for instance, there exists a disease in which the initial 
ineffectiveness of the natural body defenses against infection is almost 
as apparent as in acute hsemorrhagic septicaemia. One might 
inquire whether, among the multitude of avirulent cultures of the 
pneumoco€cus to be found widely scattered through the country, 
there exist strains, which by some form of inoculation and through 
some strictly local reaction, would call forth the immune response to 
more virulent cultural material. In this disease, and in some other 
communicable diseases of man and animals, might it not be worth 
while to make a systematic study of the reciprocal relations existing 
between various virulent and avirulent types? 

In the second place, that data reported in this paper have an import- 
ant bearing upon the formulation of practical measures for immuniza- 
tion against the hsemorrhagic septicaemias in general and against 
fowl cholera in particular. In an earlier paper it was shown that 
inoculation with Culture 52 protected rabbits against the single 
virulent Culture 48. In the present paper it is demonstrated further 
that Culture 52 protects against, not Culture 48 alone, but also at 
least three other virulent cholera cultures. But, what is perhaps more 
important, it is shown that in all cases in which Culture 52 alone 
fails to protect, the inoculation of Culture 52, followed by inoculation 
with Culture 48 yields perfect resistance. It suffices to say that in 
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fowl cholera of rabbits, or rabbit septicsemia, these circumstances now 
afford a complete control of infection, so far as the employment of the 
thirteen virulent cultures maintained in the laboratory collection is 
concerned; and, it may be added, these include the most virulent 
strains obtainable from the laboratories of Europe and America. 
By the use of Culture 52 alone, or through the employment of Culture 
52 supplemented by Culture 48, any rabbit may now be permanently 
protected against every strain of the fowl cholera bacterium yet 
obtained. With this point demonstrated, attention will now be 
directed toward ascertaining to what extent similar methods of 
active immunization may prove effective in controlling infection in 
birds. In this class of animals, the slightly greater natural resistance, 
as well as the marked difference in the type of tissue necrosis, may 
necessitate some modification in the original procedure. 

IV« Summary^ 

The present paper presents the results of a study conducted to 
ascertain (1) the protective power of certfdn avirulent cultures of the 
fowl cholera organism against a highly virulent culture (Culture 48) ; 
(2) the extent and degree of protective power exercised by a certain 
immunizing culture (Culture 52) against twelve, heretofore untested 
virulent strains; (3) the protective power of combinations of cultures. 
The results, briefly stated, are as follows: 

1. Among seventeen strains of the actual fowl cholera bacterium 
which have now been tested for their resistance-producing power 
toward a highly virulent culture, only one (Culture 52) was found 
which produced any resistance whatever; and this culture, upon sub- 
cutaneous inoculation, invariably gave perfect immunity against the 
most virulent culture in the laboratory collection (Culture 48). 

2. This immunizing culture has now been tested (alone) against 
five other virulent strains, toward three of which it is also protective. 
In the other two cases, it is irregularly protective. 
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3. In the two instances (see above) in which Culture 52 alone 
failed to protect, or protected irregularly, complete protection was 
afforded by inoculation with Culture 52, followed after one week, or 
more, by inoculation with Culture 48. 

4. In all cases in which Culture 52 alone was not tested against 
virulent cultures (seven), the inoculation with both Cultures 52 and 48 
in the sequence and under the conditions stated, yielded complete 
iininimity. 

5. The results obtamed in the investigation, thus far reported, are 
such as to afford, for the first time, complete control over infection in 
rabbits with probably any virulent strain of the fowl cholera bacte- 
rium. The method thus found successful for the active immunization 
of rabbits will now be employed, perhaps with modifications, in an 
attempt to produce a corresponding active immimity in birds. 
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BUBT L. HaRTWELL and S. C. DAMON.t 



The data presented on the subject at this tune will be limited 
almost entirely to those obtained from the permanent plats, 23; 25, 
27, and 29, to which individual manurial applications were first made 
in 1893. 

The previous publicationsf containing the detailed field records 
of the first eight years of the experiment are practically exhausted, 
and for that reason it seems desirable to attempt a concise presenta- 
tion at this time, not only of the unpublished results, but also a 
summary of the published data which are now unavailable for general 
distribution. 

APPLICATION OP MANURES. 

£ach annual addition of phosphorus and potassium has been the 
same for all four plats and applied uniformly; the variations from year 
to year depending upon what was believed to be the optimum require- 
ments under the conditions. 

KSontribatioii 209 from the Agricultural Experiment Station of the Rhode Island State College. 

tXJntS recently this investigation was in charge of the former director, H. J. Wheeler, who was 
assisted in the field work at different times chiefly by Messrs. Towar, Tucker, Tillinghast, Adams 
and Damon, assistants in agronon^. 

tAnn. Rpts. Agr. Expt. Sta.. (1893) 224-52: 7 (1894) 152-67: 8 (1895) 205-14; 9 (1896) 242-72; 
10 (1897) 202-25; 11 (1898) 144-70; and 13 (1899-1900) 312-24. Bui. 46. Bui. 69, and Bui. 96. 
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The most usual annual application of phosphoric acid per acre 
during the first eight years was 120 pounds, supplied in dissolved bone- 
black, and since then from 60 to 75 pounds, supplied in acid phos- 
phate. The annual application of potash, which was always supplied 
in muriate of potash, varied mainly from 75 to 100 pounds per acre. 
For a number of years prior to 1901, 400 pounds per acre of hydrated 
magnesium sulfate were added to each plat, with the object of guard- 
ing against any possible deficiency of magnesium: since then none 
has been added. 

Although the amount of nitrogen has been the same for all four 
plats in any given year, plats 23 and 25 have always received it in 
sulfate of ammonia, whereas the source for 27 and 29 has always been 
nitrate of soda. 

To plats 25 and 29, only, calcium oxid has been applied, always 
in slaked lime. Prior to 1902, the applications of the lime were made 
in 1893 and 1894. 

Since the previous publication, the annual manurial applications 
and the crops have been as follows (accompanied by a smnmary of 
the same ingredients in the earlier years) : 



MANURIAL APPLICATIONS IN POUNDS PER ACRE. 



YcAB. Crop. Nitroffen. 
1893-1900 

total 358.5 

1901 Soy Beans 18. 

1902 Oats 54. 

1903 Hay 54. 

1904 Miscellaneous 54. 

1905 Leguminous 54. 

1906 Cruciferous 54. 

1907 Flowers 54. 

1908 Flowers 40. 

1909 Flowers 40. 

1910 Barley, Millet 20. 

1911 Com 40. 

1912 Potatoes 64. 

1913 Rye, Rowen 40. 

1914 Hay 36. 

Total applications 980. 5 

Average annual application 44 . 5 



Phosphoric 
Add. 



912 
120 
60 
75 
75 
75 
75 
75 
60 
60 
60 
75 
120 
65 
75 



1982 
90 
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PotMb. 25 and 29). 
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100 800 

100 

100 

100 

100 

100 

75 

75 

75 

60 

150 800 

120 

90 

2500 6350 
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It will have been noticed that the experiment furnishes an oppor- 
tunity to observe the effect of slaked lime upon plants m connection 
with both sulfate of ammonia and nitrate of soda as sources of 
nitrogen. 

chemical work on the soil. 

The determination of certain ash ingredients was made in the 
following crops grown on the four plats in 1894,* namely: white 
beans^ orchard grass, blue lupin and tobacco. The ash of the 
tobacco from the unlimed plats was xeddish brown and contained 
more iron than the light-colored ash of the tobacco from the limed 
plats. 

In the Eighteenth Annual Reportf of the station may be found the 
results of chemical work which had been done previous to its publica- 
tion, with the soil from the four plats of the experiment. It included 
determinations of the total and free humus, lime requirements, etc. 
Some of the surface soil which had been kept in practically a moisture- 
free state since 1904 was analyzed recently under the same conditions 
as samples collected in September, 1912, so that the following com- 
parisons are possible: 

Per Cent. 
NiTBoavN IN Drt Soil Futbr tban 1 m.m. 1004. 1912. 

Unlimed sulfate of ammonia plat, 23 223{ .221 

Limed sulfate of ammonia plat, 25 231 .216 

Unlimed nitrate of soda plat, 27 231 .233 

Limed nitrate of soda plat, 29 217 .232 

It may be seen that each unlimed soil had practically the same 
amomit of nitrogen in the two years, and that in the limed soil the 
nitrogen had decreased where sulfate of ammonia had been added 
about the same as it had increased where nitrate of soda had been 
applied. This latter plat was the least acid of the four, in fact it 
was found to be neutral in 1904, although in 1912 it had become 



•Ann Rpt. 13 (1899-1900), 312-319. 
t(1904-6). 342-252. 
tnetermiDedinl904. 
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somewhat acid. Nevertheless there was as much nitrogen in it 
in 1912, twenty years after the experiment was begun, as in the 
unlimed nitrate of soda plat, and this was in spite of the fact that 
in general the limed soil produced larger crops, which would be 
expected to remove more nitrogen. 

Inasmuch as the extent of the effect of lime upon a given kind of 
plant depends upon the degree of acidity of the soil, it is important 
to bring before the reader at this time such determinations of the 
acidity as are available. 

Samples of the surface soil, taken in May, 1904, and again, between 
the potato rows, in September, 1912, were found to require about the 
following amoimt of calcium oxid to neutralize the soil according to 
the Veitch method: 

Pounds of caldum ozid re quir ed 
peraoreof BoiL 
1904. 1012. 

Unlimed sulfate of ammonia plat, 23 4700 5500 

Limed sulfate of ammonia plat, 25 1100 3200 

Unlimed nitrate of soda plat, 27 2500 4200 

Limed nitrate of soda plat, 29 2600 

The last application of lime previous to 1904 was made in 1902 and 
was equivalent to 800 pounds of calcium oxid per acre. Previous to 
taking the samples in 1912, ten years had elapsed without any 
further application of lime. The result was that on the average about 
1,800 poimds more of calcium oxid was required to neutralize the 
surface soil in 1912 than in 1904. 

After the potatoes were dug in 1912, an application at the rate of 
800 pounds of calcium oxid in slaked lime was made to plats 25 and 
29 before seeding down with grass and rye. 

In July, 1914, after the hay had been cut and while the plats were 
in sod, samples were again taken, this time to the depth of a foot 
instead of to the depth of the surface soil or about 7 inches, as previ- 
ously. It was found that an acre-foot of the dry soil weighed about 
3,100,000 pounds and contained 5.95 per cent, of material which did 
not pass through millimeter holes. The following determinations 
were made. 
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5.53 


.157 


4607 


4.57 


.153 
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5.27 
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3069 


4.90 
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Calcium Lom on 

ozid z«q. isnition Nitrogen, 

to neut. of dry. per cent. 

an acre- fine eoQ, in dry, 

foot, lbs. per cent. fine toil. 

Unlimed suKate of ammonia plat, 23. . . 
Limed suKate of anmionia plat, 25 ... . 

Unlimed nitrate of soda plat, 27 

Limed nitrate of soda plat, 29 

The cumulative relative effect of twenty-two annual applications of 
nitrogen in sulfate of ammonia and in nitrate of soda is shown in the 
amount of calcium oxid required according to the Veitch method to 
neutralize the soil m 1914. Where no lime had been applied, the plat 
which bad received sulfate of ammonia required about 3,500 pounds of 
calcium oxid per acre more than the one which had received nitrate of 
soda; but where lime was applied, about 1,500 pounds more was 
required, or an average of about 70 pounds per year. 

It may be seen that the loss on ignition was greater with the 
limed than with the unlimed soil; this was found to be the case also 
in 1904. Since there was no residual calcium carbonate in the limed 
soil, the assumption is probably warranted that most of the difference 
in the percentages is due to organic matter, a similar amount of loss 
in each case being attributable to changes other than combustion of 
organic matter. 

Although the application of lime appears to have reduced the 
organic matter, there is no evidence that the nitrogen in the soil was 
thereby decreased. . 

This fact should be noticed by those who may have been unduly 
disturbed by the statement that slaked lime should be avoided 
because it " bums " out the soil nitrogen. It should be recalled in this 
connection that for a number of years there had been practically 
no growth of. the legmnes except on the limed plats; and, on the other 
hand, that more nitrogen had been removed from the soil in the crops 
taken from the limed plats, since, on the whole, these crops were 
larger. 
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bacteriological work on the soil. 

A test of the nitrifying power of the soil from the four plats was 
described in a former report* of this station from which the following 
is quoted: "Taken as a whole, the results may be said to indicate 
a somewhat greater activity of nitrous and nitric organisms from the 
limed than from the unUmed land. " 

During the summer of 1903, after receiving a master's degree from 
Brown University, Latham Clarke investigated the bacterial flora 
of the unlimed and limed sulfate of ammonia plats, 23 and 25, to 
ascertain if the types differed in soil having such different degrees 
of acidity, as shown by the previously recorded acidity determina- 
tions of 1904, which were made the following spring. The results with 
gelatine cultures were as follows: 

No. of appuently different bac- 
terial tsrpea. 
No. of From plat From dat 

plates made. 23 soil. 25 aoiL 

Aerobic cuUurea — 

Gelatin, 1.5% acid 36 10 2 

" 0.2% acid 360 31 10 

" 0.2% alkaline 36 6 14 

Anaerobic cuUurea — 

Gelatin, 0.2% acid 24 6 6 

In case of serobic cultures in the acid gelatin there were more types 
from the more acid of the two soils, while in the alkaline gelatin there 
were more types from the less acid soil. This- indicates that the 
bacterial flora is modified by the reaction of the soil in much the same 
way as the higher plants, for it is known that if a mixture of the latter 
were planted in soils of different reaction, the surviving individuals 
would be very different under the two conditions. 

POT TEST ON THE NATURE OF THE BENEFIT FROM LIMTNG. 

In November, 1906, soil was taken from plats 23 and 25, so that a 
pot experiment might be conducted in the greenhouse, by Frederick R. 

*Aim. Rpt. 13 (1899-igOO) 319-324. 



Digitized by 



Google 



Digitized by 



Google 




No Lime. Calcium Magnesium Calcium and Calcium Masneoium 

Carbonate. Carbonate. Magnesium Sulfate. Sulfate. 

Carbonates. 

Fig. 1. — Barley grown in soil from the unlimed sulfate of ammonia plat. 




No Lime. Calcium Magnesium Calcium and Magnesium Magneuum 

Carbonate. Carbonate. Carbonates. Sulfate. 

FiQ. 2. — Barley grown in soil from the unlimed nitrate of soda plat. 
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Pember, for the purpose of showing to what extent the beneficial 
'efifects of lime were due to its basicity instead of to its content of 
<?£tlcium; and also to ascertain if any benefit would result from 
changmg the ratio of lime and magnesia, which ratio is considered by 
some to be of considerable importance. 

To the soil in each Wagner pot, 8x8 inches, were added 1.39 grams 
of muriate of potash and 3.72 grams of acid phosphate, which was 
twice the rate of the field application of the same materials in 1906. 
Cach pot of soil received the same amount of nitrogen, those from plat 
23 in 1.78 grams of sulfate of ammonia, and those from plat 27 in 2.32 
^ams of nitrate of soda. This also was twice the field application of 
1906. 

Barley was planted in the pots on February 8, 1907, and harvested 
on May 22. The additional manurial applications made to certain 
X>ots, and the yields of barley cut from duplicate pots receiving the 
same were as follows: 



Grams of air-dry barley hay per 
pot. 
Spkial Manubial Addxtioxs Pcb Pot. Flat 23 soil. Plat 27 soil. 



None. 



14.35 grams c.p. calcium carbonate 

12 . 10 " c.p. magnesium carbonate 

7 . 18 ** c.p. calcium carbonate and \ 

6.05 " c.p. magnesium carbonate ] "' 

24.67 " c.p. hydrated calcium sulfate 

1 . 77 " c.p. hydrated magnesium sulfate . 



The carbonates were added in chemically equivalent amounts 
whether applied separately or in combination. The hydrated calcium 
sulfate, gypsum, furnished the same amount of calcium oxid as the 
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calcium carbonate. Maki and Tanaka* claim that for barley 14 parts 
of magnesiimi sulfate are agronomically equivalent to 100 parts of 
magnesite^ natural magnesium carbonate, for supplying available 
magnesium, and this relation was adopted in connection with the 
applications of magnesium sulfate and carbonate in this experiment. 

Practically no benefit resulted from the addition of calcium sulfate 
or of magnesium sulfate to the soil from plat 23. It was basic 
material that was needed, and it made no difference whether it was 
calcium carbonate or a mixture of this with magnesium carbonate. 
With the soil from plat 23 the magnesium carbonate alone, which is 
more soluble than calcium carbonate, seems to have been somewhat 
less beneficial. This was not true, however, in case of the soil from 
plat 27 ; in fact, there was a slight increase in crop also when magnesium 
was added in sulfate. (For illustration of one pot with each treat- 
ment see Figures 1 and 2.) 

The experiment shows that the slaked lime used in the field was 
beneficial because of its basicity or alkalinity and not because it 
supplied calcium as a plant nutrient (it should be recalled that all 
plats received calcium sulfate in the annual applications of acidulated 
phosphates); and, furthermore, that probably no undesirable ratio 
of lime and magnesia had resulted from the manurial appUcations 
which had been made in the field. 

THE INTERPRETATION OP THE TABULATED FIELD RESULTS. 

In the following large table, the different kinds of plants which have 
been grown during the twenty-two years of the experiment on the 
four plats under consideration are arranged alphabetically under (1) 
flowers, (2) trees and small fruits, (3) grasses and clovers, and (4) 
miscellaneous crops, together with the results of their growth on each 
plat. 

To obtain the clearest possible idea of the effect of liming upon a 
given kind of plant, the results from all four plats should be considered. 
Perhaps the most profitable comparison is that of the measurements 

*Bul. Col. Agr, Tokyo Imp. Univ., 7. (1906^) 61. 
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on the nitrate of soda plats, 27 and 29. In general, the wider, the ratio 
in the results from these two plats, the greater the benefit which may- 
be expected from liming. 

A comparison of the results from the sulfate of ammonia plats, 23 
and 25, would prove equally valuable were it not for the fact that this 
material tends to increase soil acidity, and its continued annual 
application has rendered the unlimed plat, 23, so acid that a great 
many kinds of plants have been unable to grow upon it, thus rendermg 
impossible a comparison with the measurements from the correspond- 
ing limed plat. Those plants which can tolerate the very acid soil 
of plat 23 may be expected to receive but little benefit from the 
addition of lime to a moderately acid soil, and may even be injured 
by limiog. The limed plat 25, which has received sulfate of ammonia 
has usually been less acid than the unlimed plat, 27, which has 
received nitrate of soda; and on this account a plant benefitted by 
liming would be expected to make a better growth on plat 25 than on 
plat 27. This may not be the case, however, in all instances because 
the suKate of ammonia may have been inferior to the nitrate of soda 
as a source of nitrogen, in which case lime would not be the only 
factor tending to modify the relative growth on plats 25 and 27. 

It will be xmderstood readily that the degree of benefit from liming 
may depend upon many circumstances; and, therefore, that the rela- 
tive effect of lime upon two different kinds of plants may be deter- 
mined with much more certainty if a comparison is made of the results 
of a given year. It is partly on this account that the years when the 
tests of a given plant were made are given in the table. The detailed 
results for each year since 1900 are given, for they have not been 
published heretofore, but the earlier published results have usually 
been combined where possible. 

The nearness to the time of liming obviously would influence the 
results, since those plants which preferred acid soil would be expected 
to be more tolerant of lime applied sometime previously than of a 
fresh application. On the other hand, those plants which were very 
intolerant of soil acidity, would probably make the greatest gain 
following a fresh application of lime. 
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Although liberal annual applications of nitrogen, phosphorus and 
potassium were made alike to the four plats, it was not proven that 
in all cases optimum amounts were present. If any of these ingredi- 
ents were somewhat deficient in any case, the lime might then 
mcrease the available plant food, as well as decrease an injurious 
amount of soil acidity. It is of course also possible that the lime may 
have modified beneficially the physical conditions in some mstances. 

While recognizmg the possibility that some of the influence from 
the liming may have been due to one or more of the causes just 
mentioned, it has been the general belief, based on considerable 
experimental work published elsewhere by this station, that most of 
the effects were due to a reduction in the amount of acidity in the soil, 
and that the marked difference in the effect of limmg on different 
kinds of plants was associated with their comparative degree of toler- 
ance of the conditions associated with that acidity. 

Although it does not seem desirable to extend the limits of this 
bulletin in any great degree by a discussion of the reason for the 
marked differences exhibited by different kinds of plants in r^ard 
to soil reaction, it may interest the reader to know that this phase 
of the question is being studied at this station. 

In the present instance the main object has been to present in a 
concise form, a considerable mass of experimental data concerning 
the effect of lime on different plants, under acid conditions which are 
believed to be similar to those existing in a large part of the country, 
for it is extremely important that the farmer becomes acquainted 
with these differences. 

It may be determined eventually that acidity itself affects certain 
plants differently; or that there are substances in acid soils which are 
more toxic to certain plants than to others; or, as seems probable 
from certain results which have been obtained at this station, that 
there may be substances in the soil solution which protect certain 
plants more than others from the acidity. The reasons for the 
differences need not receive attention now, and for convenience 
reference will be made to acidity without fiuiJier quaUfications. 

On account of the large number of different plants and the limited 
area devoted to the experiment, it has been impossible in most 
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instances to devote much space to each kind of plant. The reader 
can often get an idea of the area involved, from the magnitude of the 
i^eights, and of course should place the most confidence in those 
results which were evidently secured from the larger areas. Each 
plat is 193.6 x 30 feet, two-fifteenths of an acre, but very often there 
-was only a single row of a given kind of plant grown crosswise of the 
plats. Of course, when there are results of a number of years which 
furnish similar indications, confidence in the comparison should then 
increase. 

In case of the miscellaneous crops as arranged in the table, an 
attempt has been made to state in the first column of the table the 
approximate relative degree of benefit from liming. Those crops 
■which were benefited most are preceded by the figure 3, and those 
benefited in lesser degrees, by the figures 2 and 1. respectively. A 
large number of crops are tolerant of a moderate degree of acidity, 
such as may be said to have been present in plat 27, so that the addi- 
tion of lime to such a soil (plat 29) resulted in only a small increase 
or decrease in yield. These crops are preceded by the figure 0. A 
few of the crops thrive much better without the addition of lime, 
and these have all been preceded in the table by " ( — 1) " without 
further classification. 

It should be understood clearly that the object in attempting 
the above classification is to give to those who might not care to 
scrutinize the large number of weights recorded in the table an 
approximate idea of the need for liming. Like all classifications, 
there are uncertainties as to which of two contiguous groups shall 
contain certain individuals. 

The effect of lime is different with different strains or varieties 
of a given kind of plant. For example, although beans in general 
are accompanied by a "0, " this does not signify that certain kinds of 
beans might not be otherwise classified, but it does indicate that beans 
generally do not need liming, although if a discrimination is made as 
to a special kind of bean, it may be found that an application of lime 
is a matter of importance. 

It is evident that in many cases the experimental data are too 
meager to allow a satisfactory classification: in a few instances. 
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however, results from other experiments were taken mto consideration 
in making the classification. On the other hand, sufficient data 
regarding certain kinds of plants have been secured at this station 
to enable classification into a larger number of groups than is 
attempted here. It was considered, 'however, that for practical 
purposes a larger number of groups was not required. When the 
reader sees that "3" accompanies a certain crop, he may know that 
inattention to lime requirements is liable to mean that the crop will 
not be satisfactory. Even if nothing is known regarding the require- 
ments of the soil, it is much wiser to add lime as a preparation for such 
crops than to attempt to grow them without doing so. Probably an 
unsatisfactory growth of these crops is more often attributable to a 
lack of basic materials, such as lime, than to any other cause. 

Of course, what has been said regarding the crops in group "3" is 
applicable in a lesser degree to the crops marked "2." The crops 
accompanied by " 1 " generally made a better growth on plat 29 than 
upon plat 27; but upon a soil somewhat less acid than that of plat 27, 
quite satisfactory growth might be secured without liming. 

Under conditions existing on the average dairy farm it would 
probably be unnecessary in general to apply lime in preparation for 
those crops marked "0." 

It will of course be understood that the figures used to represent 
the degree of benefit from liming are only relative, since the absolute 
amount of benefit for neutralizing purposes depends largely upon the 
amount of soil acidity and upon whether the lime is applied in such 
amounts and in such a way that the greatest possible beneficial 
effects are secured. Injudicious liming may result in a decreased 
crop under conditions where an application made properly would 
be beneficial. Especially where the acidity is either not large, or 
the crop is tolerant of the same, the effects of lime are quite variable, 
depending upon the form of lime and the method of application. 
Discussions regarding the relative merits of slaked lime and ground 
limestone of different grades of coarseness are quite futile unless the 
degree of acidity and kind of plant are taken into consideration. 
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TABLE SHOWING THE EFFECT OF LIMING ON THE GROWTH OF 
DIFFERENT KINDS OF PLANTS. 

FLOWERS. 

FiiOWBBS. (Most of them perennials. The figures show the average height in inches, unless 
otherwise stated. The weights given are in pounds.) 



Year. 



suxjtatk of 
Ammonia. 






NmunoF 
Soda. 



D 0k 



IS 

11 



AeanthuB mollitt Bear's Breech 

AehilUa Ptarmica, Sneeiewort 

Adenophora Potanini 

Ageralum conytoidet,^ Tom Thumb, wt 

Alytum saxatile eompactum 

Aly$aum maritimunit^ Sweet Alyssum, wt 

wt, 

Aguilegia ehryaanthat Columbine 

flabettata, nana alba 

ndgaria 

Aaei^piaa Curaatavica, Milkweed 

Aaier^'^ Comet Aster, wt 

Aubrietia deUoidea Oraeea 

BaptUia au$tralia. Blue False Indigo 

Boeeonia eordatai Plume Poppy 

Japonicat Japanese Poppy 

^Winter killed. 
'Annual. 



19071 

1907 
1908 

1907* 

1904 
1908 

1907 
1908 

1904 
1906 

1907 
1908 
1907 
1908 
1907 
1908 

1907^ 

1898 
1908 
1907^ 

1907 
1908 

1907» 
1908 



3.0 

13.6 
12.0 

1.3 

11.6 
6.0 

3.5 
.0 

.0 
.0 

6.6 
22.0 
3.2 
3.6 
5.0 
20.0 

10.2 

2.4 
4.0 
1.3 

7.0 
10.0 

9.8 
44.0 



2.8 


3.8 


20.0 


16.3 


25.0 


21.0 


2.1 


2.0 


64.6 


66.6 


8.0 


8.0 


4.6 


6.0 


7.0 


7.0 


12.6 


13.6 


14.6 


2.3 


9.6 


10.0 


28.0 


33.0 


4.4 


4.1 


6.6 


7.0 


8.2 


7.7 


32.0 


30.0 


16.0 


14.6 


3.8 


3.1 


5.0 


6.0 


1.8 


1.0 


6.2 


7.4 


12.0 


16.0 


14.8 


16.0 


66.0 


59.0 



5.0 

19.0 
24.0 

2.3 

66.9 
8.0 

4.5 
6.0 

102.6 
26.3 

10.1 

37.0 

5.3 

9.0 

9.0 

35.0 

19.5 

4.2 
6.0 
1.5 

6.0 
17.0 

11.8 
57.0 
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FLOWERS — CorUintted. 







Sulfate of 


NlTKATSOF 




Year. 


Ammonia. 


Soda. 




Is 

il 


II 


II 


1 




1907 
1908 


32.3 
38.0 


43.0 
57.0 


41.6 
56.0 


40.S 




5».0 


Calandvla oifieinalia^ Marisold 


1908 


14.0 


14.0 


14.0 


14.0 


Callirhiie involuerata Poonv Mallow . . 


1907 
1908 


8.1 
6.0 


17.8 
6.0 


15.0 
7.0 


19.4 




9.0 


Cofifui ffo • wt . incliKliiiic bulbs 


1909 


8.3 


32.3 


25.0 


16.5 


CedroneUa aina 


1907^ 

1907 
1908 


8.2 

3.6 
17.0 


11.8 

8.2 
22.0 


10.8 

9.1 
25.0 


14.1 




8.1 




24.0 


ChTtJtatMicintitn coceittttun 


1907 
1908 


8.5 
9.0 


6.6 
16.0 


7.9 
14.0 


8.3 




150 


predUum avreum. Golden Feather. . . 


1907 
1908 


8.0 
8.0 


4.4 
13.0 


3.7 
14.5 


5.7 
130 


Cochlearia oMetnalia.^ Scurvy Grass 


1906 


.0 


3.0 


3.0 


6.5 


CoreopM grandiflora, Tickaeed 


1907 
1908 


9.5 
29.0 


12.2 
35.0 


11.8 
32.0 


13.5 




35.0 


Uinctohxta 


1907 
1908 


10.3 
28.0 


12.0 
31.0 


12.0 
27.0 


17.3 




33.0 


Delvhinium Caakmerianum. LarksDur 


1907 
1908 


8.9 
6.0 


9.6 
12.0 


9.0 
16.0 


10.0 




24.0 


nudicatde 


1907^ 

1905 
1905 


6.5 

1.0 
1.0 


5.2 

2.0 
10.0 


8.7 

2.2 

5.0 


10.0 


Desmodium tortuosunit Florida Beggar Weed 

wt 


2.4 

11.0 


DiarUhiu harhatus. Sweet William 


1907 
1908 


3.6 
10.0 


8.0 
21.0 


7.2 
23.0 


9.0 




23.0 




1897 


.4 


1.7 


.7 


1.3 


Diffiialia purpurea, Foxglove ,,,,,,, 


1907 
1908 


6.3 
25.0 


9.5 
38.0 


4.7 
28.0 


10.0 




35.0 


Eupatorium Fraterit Snakeroot 


1907 
1908 


10.9 
15.0 


11.4 
22.0 


9.9 
18.0 


12.0 




21.0 



^Winter kiUed. 
'Annual. 
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Year. 



SULFATS OF 
AlllCONIA. 



NiTBATB OF 

Soda. 



II 



OaiOardia arutatai Aurora Flower 

Oalega offieina is (See F!«. 3), Goat's Rue 

Oeum Chiloente, Avens 

Oladiolu9 »p., No. flower spikes' 

Oypaophila paniculata. Baby's Breath 

HelianihuM deeapetalua tnuUifloru8, Double Sunflower, 
(mixed) 

Heaperia matronaliM, Sweet Rocket 

IherU amara eoronariat Candjrtuft, wt 

Oihraltariea hi/brida 

odorata. Fragrant Candytuft, wt 

peetinata, wt 

sempemren«. Evergreen Candytuft 

•AffibeOato, wt 

ImpatienM BaUamina, Balaam, wt 

Lathyrus laH/oliutt Everlasting Pea 

wt. 

odoratuMt^ Sweet Pea (No. Blooms) 

(No. Blooms) 

(America) Sweet Pea (No. Blooms). 

(Blanche Burpee) Sweet Pea (No. 

Blooms) 

LoMia Unnuoir 



1907 
1908 



1907 
1908 



1907 
1908 



1907 
1908 

1907 
1908 
1907 
1908 

1907 
1908 

1906 
1907 
1908 
1906 
1006 
1907 
1908 
1906 

1899 

1905 
1905 
1907 
1908 
1898 
1899 
1905 

1905 

1907» 



3.3 
12.0 

9.0 
10.0 

6.0 
12.0 

29.0 

8.1 
6.0 

13.0 
20.0 
18.0 
28.0 

2.0 
7.0 

.2 
2.5 
4.0 

.0 

.0 
3.8 
4.0 

.0 

30.0 

2.0 
.0 
9.0 
12.0 
616 
780 




10.1 



6.0 
17.0 

13.6 
39.0 

9.3 
20.0 

40.0 

13.4 
10.0 

24.0 
70.0 
23.0 
38.0 

3.5 
7.0 

9.8 

3.7 

8.0 

19.5 

16.3 

2.3 

4.0 

10.0 

51.0 

4.2 
5.6 
15.1 
40.0 
1433 
3433 
1518 

2628 

13.1 



6.0 
18.0 

11.9 
22.0 

9.5 
18.0 

36.0 

11.9 
20.0 

28.3 
64.0 
25.0 
43.0 

2.0 
8.0 

6.0 
3.9 
7.0 
2.5 
9.0 
3.6 
4.0 
4.0 

53.5 

4.0 
2.5 
16.4 
40.0 
1170 
2777 
1407 

2505 

12.9 



10.7 
24.0 

16.8 
50.0 

9.8 
28.0 

38.0 

8.7 
26.0 

20.2 
76.0 
25.0 
40.0 

5.2 
9.0 

9.0 
4.3 
8.0 
20.0 
13.5 
3.6 
4.0 
5.0 

68.5 

4.4 
4.0 
21.3 
44.0 
1848 
3591 
2351 

1691 

13.3 



^Winter killed. 
'Annual. 

'Inferior on unlimed plats. 
8 
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FLO WE R8 — Continued. 



ScuTATmor 
Ammonia. 



■6^ 



Nmunor 
Soda. 



1^ 



;3s 



Lunaria annua^'^ Honoity, wt 

Lyehnu Chaleedonica^ Jerusalem or Soarlet T«ightning . 
Haageana 



Malta Mo9chUa, Musk Mallow. 



MaUhiola bteomM.' Stocks, wt 

•p.,' Dwarf Mixed Stocks, wt. 



Mimtdua eardinalut Monk^ Flower. 



1906 

1907 
1908 
1907 
1908 

1907 
1908 

1906 
1906 

1907 
1908 



Nieotiana »p., wt I 1909 

Papawr Rhoeaa, Shirley Poppy, wt 1898-9 

No. Blooms 1898-9 

1900 

1904 
1904 
1904 

1904 
1904 
1904 

1908 

1904 
1904 
1908 

1907 
1908 

1907 
1908 

1904 
1904 



Murtdli, Mikado Poppy, No. Blooms 

aomni/erum, White Opium Poppy, No. seed 

capsules 

wt., seed capsules 

wt., plants 

Black Opium Poppy. No. seed 

capsules 

wt., seed capsules 

wt.. plants 



P^unia 9p} 



Phlox Drummondii* wt 

No. cymes. 



Platyeodon grandifioram, Japanese Bell Flower. 
Polygonum Perncaria, Lady's Thumb 



R99oda odorata,^ Mignonette. "Pierre Machet," wt... 

No. spikes. . 



1.5 

9.9 
19.0 

5.3 
13.0 

4.0 
18.0 

.0 
1.3 

10.9 
.0 

31.0 

.0 











7.0 

4.7 
374 
6.0 

5.8 
13.0 

16.1 
12.0 






15.0 

11.1 

28.5 

7.0 



11.0 

11.5 

25.0 

6.0 



15.0! 14.0 



11.2] 10.2 
16.0, 16.0 



3.2l 
17. 8i 



18. i; 

3.oi 



16.5 



19.3 
8.0 



34.0. 37.0 

I 

12.3 4.8 

1193 I 392 

22 3 



442 

4.1 
15.3 

375 
3.6 
21.3 

9.0 

88.9 
8236 
7.0 

6.0 
18.0 

30.9 
20.0 

77.4 
7148 



194 
2.4 
12.0 



3.4 
23.5 

9.0 

82.6 
8487 
6.0 

7.7 
23.0 

30.3 
22.0 

66.6 
6057 



12.5 

12.6 
28.5 
7.0 
13.0 

19.2 
14.0 

14.4 

9.5 

19.8 
120 

25.0 

20.0 
4271 
100 

540 
3.3 
15.0 

522 
4.2 
23.0 

10.0 

639 
7352 
11.0 

7.8 
23.0 

40.9 
24.0 

141.8 
14068 



'Annual. 
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Yew. 



SULTATE or 

Akmokza. 



Nitrate of 
Soda. 



1^ 



Salvia 9plendenBt* Scarlet Sage 

SajMmaria oeymaidett Soapwort 

Silene arietUalU (See Fig. 4), Catchfly 

SiaehyM lanaia, Woolly Woundwort 

Statiee Taiarieat Sea Lavender 

Stokena eyanea, Stokes' Aster 

Tropaeolum tp.,* Nasturtium." Tom Thumb," wt.vineB 
No. blooms 

Viola §p.t Pansy, wt. plants 

No. blooms 

Zinnia «p.. Youth and Old Age, wt. plants 

No. blooms 

'Annual. 



1008 



1907 
1008 



1907 
1008 



1007 
1008 



1907 
1008 



1007 
1008 



10O4 
1004 



1000 
1000 



1000 
1000 



e.o 



4.3 
5.0 



4.1 
80.0 



4.2 

9.0 



1.6 
7.0 



3.5 
7.0 



11.8 
708 



1.0 
076 



12.0 
101 



6.0 



8.5 
0.0 



4.8 
25.0 



6.3 
20.0 



1.8 
0.0 



5.0 
11.0 



146.3 
3722 



.8 
1210 



10.3 
176 



6.0 



8.5 
6.0 



5.0 
30.0 



6.3 
12.0 



1.5 
10.0 



4.7 
0.0 



06.0 
1822 



.8 
1437 



8.5 
100 



6.0 

9.0 
8.0 

4.8 
24.0 

6.2 
24.0 

2.3 
12.0 

4.2 
14.0 

133.0 
4729 

1.9 
2543 

14.3 
409 
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TREES AND SMALL FRUITS. 

Trsxs. (Most of the trees were set out in May. 1896, axul removed in the iaU of 1900. The 
figures refer to the average increase in diameter per tree, in inches, during the experiment.) 



SUUATB OF 


Ammonia. 


la 


i^ 


U 


;§l 


2.35 


2.56 


2.10 


2.24 


2.19 


1.94 


.09 


.40 


1.23 


1.60 


2.12 


2.64 


1.08 


1.76 


1.08 


1.02 


2.66 


3.06 


1.93 


1.10 


l.U 


1.61 


.59 


1.20 


1.54 


1.09 



NlTBATXOr 

Soda. 



1^ 



Apple, Baldwin 

Qolden Sweet 

Birch. American White 

Cherry, Black Tartarian . . . 
Early Richmond . . 

Elm, American White 

Linden, American 

Maple, Sugar 

Peach, Early Crawford . . . . 

Pear, Bartlett 

Plum, Burbank Japanese . . 

Quince, Orange (See Fig. 6) 

Spruce, Norway 



2.76| 
2.44 

2.19 

.53 
1.54 

2.60 

1.61 

.96 

3.02 

1.28 

1.58 

1.06 

1.69 



2.75 
225 

2.21 

.50 
1.65 

2.9S 

1.54 

1.10 

2.75 

1.35 

1.90 

1.48 

1.39 



I 
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TREES AND SMALL TRVITS.— Concluded. 
SicAix Fbuitb. (The figures refer to poiindi of fruit anleat otherwise stated.) 



Year. 



SULFATS or 

Ammonia. 



Nitrate or 
Soda. 



1^ 



!l 



Blackberry, Snyder 

Cranberry, American Bell (See Fig. 5) 

Currant, Prolific 

White Dutch 

Gooeeberry, Smith's Improved 

Grape, Concord, avg. of new growth per vine, yards 

total yield for two years 

Delaware, avg. of new growth per vine, yards. 

Raspberry, Blackcap 

Cuthbert (red) 

Strawberry, Chas. Downing 

Haverland 

Lady Rusk 



1898] 

1899 [ 

1900 j 

1900 

1897 
1899 
1900 
1897 
1899 
1900 

1897 



1899) 
1900 1 

1899 I 

1900 J 

1897' 
1898 J 
1897 
1898 
18971 



30.19 
1.65 
1.27 
6.51 

.20 

7.49 

18.75 

1.60 

5.10 
5.99 

1.07 
2.32 
1.85 



52.10 

.25 

5.17 

13.87 

3.31 

28.05 
51.75 
10.78 

3.18 
12.80 

3.26 
4.54 
3.40 



30.17 
1.50 
2.51 
8.07 

3.15 

30.58 

55.25 

6.13 

6.98 
6.97 

2.40 
3.83 
4.07 



17.52 

.30 

8.45 

17.80 

3.33 

30.37 
26.00 
15.41 

2.91 
8.83 

2.54 
4.21 
4.59 
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GRASSES AND CLOVEBS. 

Gbamhi. (The wdcfato of the gnoBes for the iadiTidaal yean 1885, 1886 and 1897, lumat 
been published previoiuly, only the total weighti nmally for the three years, is now reoorded ia 
pounds.) 



SvLTATE or 
Ammonia. 



§S 



Nmuraof 
Soda. 



Is ' s* 



AwnlesB Brome, Bromxu inermit 

Kentucky Blue, Poa praUnsi$ 

Meadow Foz-tail, Alopeeunu pratefuia 

Meadow Oat, Avena daHor 

Meadow Soft, Holeua Jamxhu 

Orchard, DadylU glomtraia 

Redtop, AgrostU ndgarit 

Rhode Island Bent, Affro$Ua eanina 

Sheep's Fescue, Fettuea ovtna 

Sweet Vernal, Anthroxtmthum od. puelii 

Tall Fescue, Futuca datior 

Timothy, PMeum praienae 

'Mostly other glasses or weeds, after the first srear. 



31.6 
23. 7> 
21,8 
64.8 
103.2 
60.9' 
75.3 
67.5 
23.5» 
9.5 
61.01 
35. 2^ 



55.5, 37.9 I 52.9 
35.8! 28.41, 37.3 
41. o| 36.3 I 47.0 



111.3 
96.6 
71.3 
62.0 
25.2 
17.3 
93.2 
545 



70.4 


72.1 


122.5 


96.9 


87.2 


78.2 


71.7 


64.0 


61.1 


53.6 


24.9 


14.1 


15.4 


16-7 


99.4 


72.7» 


54.9 


45.7 



Digitized by 



Google 



Liming an Acid Soil. 



427 



GRASSES AND CJX)VERS— Confmuei. 
Clotbbs. (The heights are recorded in inches and the weij^ta in pounds.) 



Year. 



Sulfate of 
Ammonia. 



PS 



II 



NlTBATS OF 

Soda. 



Alfalfa, Medicago tativat 2 cuttings, wt 

3 cuttings, wt 

ht. 

Abike, Tri/olium hyhridum, wt 

ht. 

Beraeem, Egyptian, Tri/olium Alexandrinumt wt . . . . 

ht. 

Bokhara, Sweet, Melilotus alba, wt 

ht. 

Cbineee. Milk Vetch, Aatraoalut sinieut, wt 

ht. 

Crimson, Trifolium incamatumt dried, wt 

undried, wt 

wt. 
ht. 

Hungarian, Trifolium Pannonicum, wt 

ht. 

Japanese, Lespedexa striata, wt 

ht. 

Bed, Mammoth, Trifolium medium, wt 

ht. 

Medium, Trifolium pratente, wt 

ht. 

Illinois, inoculated, wt 

uninoculated, wt 

2 crops, wt 

minois, wt 

Ufa Russia grown in Oregon, inoculated, wt . . . . 
uninoculated, wt 



Orel Russia, inoculated, wt. . . 
uninoculated, wt . 



wt. 



wt. 
wt. 



1895 


.0 


1905 


.2 


1905 


2.6 


1905 


.2 


1905 


2.4 


1905 


.0 


1905 


.0 


1905 


1.1 


1905 


• 2.7 


1905 


.0 


1905 


.0 


1893 


1.2 


1896 


.5 


1905 


.6 


1905 


5.0 


1905 


.0 


1905 


.5 


1905 


1.6 


1905 


1.0 


1905 


.9 


1905 


4.3 


1905 


2.3 


1905 


7.8 


1907 


.0 


1907 


.0 


1908 


.0 


1909 


.0 


1907 


.0 


1907 


.0 


1908 


.0 


1909 


.0 


1907 


.0 


1907 


.0 


1908 


.0 


1909 


.0 



16.8 
30.0 
18.6 

35.5 
14.5 

19.0 
22.6 

42.8 
10.1 

13.6 
7.8 

5.4 
25.5 
54.5 
20.3 

9.9 
3.0 

7.3 
1.6 

46.4 
11.5 

25.3 
19.0 

11.0 

7.8 

27.0 

35.0 

6.0 

6.8 

18.0 

67.0 

6.8 

5.5 

6.5 

140.0 



5.6 
18.0 
16.0 

37.9 
14.0 

8.0 
17.0 

46.5 
10.5 

12.0 
7.5 

4.8 
17.0 
51.5 
19.0 

15.2 
2.7 

5.6 
1.4 

51.6 
12.5 

19.0 
18.0 

17.0 

14.0 

50.5 

105.0 

7.0 

9.0 

32.0 

128.0 

5.5 

5.3 

14.0 

163.0 



10.6 
35.6 
22.0 

37.6 
16.2 

33.8 
24.6 

78.0 
16.9 

12.0 
7.6 

6.4 
27.2 
57.0 
19.2 

16.0 
3.2 

6.0 
1.2 

45.6 
16.3 

19.8 
21.5 

17.0 

11.0 

62.0 

154 

8.0 

9.0 

27.0 

137.0 

7.0 

6.0 

18.0 

180.0 
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GRASSES AND CLOVERS— ConeliMfed. 
CvorEaB-^onduded. 



Year. 



SUUTATB OF 
AlUfONIA. 



n 



NiTBATB or 

Soda. 






Red, Berne, SwitierUuid, inoculated, wt 

uninoculated, wt 

2 crops, wt. . 
wt, 

England, inoculated, wt 

uninoculated, wt 

2 crops, wt 

wt. 

White, Trifolium repetu, wt 

ht. 

Yellow Suckling. Trifolium filiformet wt 

ht. 

Yellow Trefoil, Black or Hop Medick, Medicago 

lupulina, wt 

ht. 



1907 
1907 
1908 
1909 
1907 
1907 
1908 
1909 

1905 
1905 

1905 
1905 



1905 
1905 



7.5 
9.5 
35.0 
85.0 
11.0 
9.0 
42.5 
78.0 

40.6 
10.0 

12.7 
7.3 



26.2 
10.0 



7.0 
8.0 
34.0 
99.0 
9.5 
10.5 
45.0 
77.0 

46.3 
10.0 

10.7 
6.9 



18.8 
6.8 



7.0 
10.0 
28.0 
89.0 
11.0 
11.3 
43.5 
77.0 

39.5 
12.0 

11.0 
7.5 



28.7 
9.3 



Digitized by 



Google 



Liming an Acid Soil. 



429 



MISCELLANEOUS CROPS. 

(The mmsurements are reoorded in inches, and the weishto, given in pounds, refer to the part 
Above ground unless otherwise stated.) 



I, 



Year. 



SUUTATB or 

Ammonia. 



NmiATS or 
Soda. 



IS 



3 



Abpabaous, 

Average height 

Average height 

Total 3^eld for two years. 



AuaiTBALiAN Salt Bush, undried . 



Baiklxt, 



air-dried. 



undried 

German, undried 

Mansury. undried 

dried, grain (-fa acre) . 
straw -^ acre) . 



O Beans, 

Adsuki, White Podded, dried. 



undried, wt. 



ht 



Castor 

Common White, dried . 



Goldsn Wax 

umipe, unshellsd, 48-ft. row 

ripe, shelled, inoculated, 4Mt. row . . . 
ripe, shelled, uninoculated, 48-ft. row. 
vines and pods, inoculated, 4S-ft. row. 
vines and pods, uninoculated, 48-ft. 

row 

Horticultural Pole, pods and beans 

Lima, undried (poor stand on plat 29) 

Bush, luiripe, unshelled, inoculated, 

4»-ft. row 

Bush, unripe, unshelled, uninocu- 
lated, 48-ft. row 

Bush, vines only, inoculated, 48-ft. 



Bush, vines only, uninoculated, 48-ft. 

row 

Bush, wt 

ht. 



1897 
1898 
1899 \ 
1900/ 

1899 



1894 
1895 
1896 
1899 
1899 
1910 
1910 

1893 \ 

1894/ 

1905 

1905 

1904 

1893 \ 

1894/ 

1894 

1904 

1904 

1904 

1904 

1904 
1904 
1900 

1904 

1904 

1904 

1904 
1905 
1905 



3.48 
3.90 

.00 



.00 



.70 

1.90 
.20 
.66 
.30 
.30 



7.60 

18.00 

7.00 

18.00 

2.85 

.00 
1.00 
.12 
.08 
.50 

.21 

1.25 

34.75 

6.00 

8.33 

12.00 

11.67 
2.25 
12.40 



9.04 
24.50 

9.22 



11.25 



39.96 

66.40 

.25 

6.60 

43.00 

287.00 



11.02 

35.00 

9.20 

156.00 

9.74 



23.10 
6.12 
3.99 
5.88 

6.21 
27.60 
32.00 

13.60 

26.37 

30.00 

46.00 
17.20 
11.40 



6.74 
21.10 

2.10 



15.60 



12.27 

21.85 

.10 

2.25 

63.00 

302.00 



12.04 

33.00 

9.80 

150.00 

9.62 

2.40 
22.94 
5.12 
3.17 
7.88 

6.17 
11.75 
34.75 

12.50 

21.33 

31.00 

38.00 
19.00 
8.40 



12.66 
26.50 

14.32 
20.75 

38.03 

60.40 

.95 

7.50 

135.00 

376.00 



10.31 

44.00 

11.20 

119.00 

8.66 

3.80 
23.50 
6.26 
4.17 
7.24 

5.83 
19.00 
•4.75 

12.00 

16.17 

43.50 

42.33 
23.20 
19.20 



Digitized by 



Google 



430 



•si 



Bulletin 160.— 1914. 

MISCELLANEOUS CROPS.— C<mlmii«(f. 



Year. 



SULPATK or 

Ammonia. 



pK 



NiTRATSOr 

Soda. 



1l 



P PL« 



hKAVB— Concluded. 

Marrowfat, white, shelled, wt. 



ht. 
Red Valentine, unripe, unehelled, 48-ft. row. 

ripe, shelled, inoculated, 48-ft. row 

ripe, shelled, uninooulated. 48-ft. row. . 
vines and pods, inooulated, 48-ft. row. 
vines and pods, uninoculated, 48-ft. 

row 

Scarlet Runner, wt 

ht. 
Soy 



Medium Green, wt. of beans . 
Velvet, undried 



wt. 
ht. 



1905 
1905 
1904 
1904 
1904 
1904 

1904 

1905 

1905 

18031 

1894/ 

1901 

1904 

1905 

1905 



Bbbts, 

Mangel Wursels, roots (See Fig. 10) . 



Sugar, roots. 



Table, Eclipse, roots. . 
Table, roots 




Bboccou, Early White. 



Brubsbia SpROxrrs. 

Buckwheat, 

dried 



2|CABBAaB. 



early. 



late, heads . 



Chinese 

Flat Dutch, trimmed heads 
Jersey Wakefield 

trimmed heads 

Savoy Early Vienna 

trimmed heads 

Stonehead, Red, trimmed 



1906 

1894 
1906 

1893'! 
1894/ 

1893 \ 

1894/ 

18931 

1894 

1895 

1906 

1906 

1906 

1906 

1906 

1906 

1906 

1909 



.06 
5.00 
1.76 
.12 
.25 
.64 

.25 

8.00 

36.20 

14.18 

131.00 

33.25 

7.20 

6.00 

.85 
.00 

.20 

.00 

.00 

6.30 
5.00 

10.15 

21.60 

.60 

1.40 
1.75 
3.00 

.00 
5.75 

.25 
2.50 

.50 



2.30 
28.00 
17.18 
4.76 
3.56 
2.24 

2.19 
16.00 
35.60 

60.88 

204.00 

50.00 

6.80 

5.20 

377.00 
48.50 

164.20 

1.75 

35.00 

95.30 
66.00 

30.79 



211.85 

145.00 

60.40 
140.00 
135 00 
63.00 
90.00 
33.00 
66.00 
18.50 



1.80 
13.00 
21.40 
3.50{ 
2.94 
2.50 

2.06 

0.00 

25.60 

65.81 

163.00 

46.75 

3.60 

5.20 

154.25 
6.00 

70.10 

21.50 

16.00 

64.60 
40.00 

17.88 



175.30 

74.10 

32.00 
58.00 
00.50 
30.00 
47.50 
11.50 
30.25 
40.00 
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I 



Year. 



SULTATB or 

Ammonxjl. 



NrnuLT* or 
Soda. 



;3S 



Carrotb, 

Danvers, roota . 



Improved Long Orange, roota . 

Mastodon, roota 

Victoria, roota 

White Belgian, roota 

roota 



CA17LirU>WER, 

Early Snowball. 

CXLEBT 



Chabd, 

Swiss, undried . 



Chicory, roota (See Fig. 7) . 



CoLXtABDB, Georgia . 

Corn, 

Dent, undried . 



White Cap, undried . 



number of stalJcs (H acre) . . . 

wt. ears, tip seed 

wt. ears, middle seed 

wt. ears, butt seed 

wt. ears, small-ear seed 

wt. ears, 12-row, ear seed . . . . 
total weight of ears (H Acre) ■ 

wt. storer, tip seed 

wt. stover, middle seed 

wt. stover, butt seed 

wt. stover, small-ear seed 

wt. stover, 12-row ear seed . . 

total weight stover (H acre) . 

Pop, dried 



Sweet. 



1894] 

1898 [ 

1899 J 
1894 
1893 
1893 
1894 
18951 
1896/ 

1894 
1906 

1894 \ 
1895/ 

1898 

1898 \ 
1899/ 

1906 



18931 

1894 [ 

1895 j 
1911 
1911 
1911 
1911 
1911 
1911 
1911 
1911 
1911 
1911 
1911 
1911 
1911 
18931 
1895/ 
1893 
1894 
1895 



18.10 

.00 
.38 
.00 
.00 

.15 

.30 
1.75 

.85 

.00 

16.50 

5.75 

2.60 
5.21 

1364 

7 

2 

2 

3 
27 
41 
14 

8 

8 

7 
34 
77 

7.75 



7.35 



136.05 

9.80 
53.00 
32.50 
13.40 

134.85 

74.60 
27.00 

33.55 

19.75 

39.00 

101.00 

15.00 
63.04 

2263 

94 
117 

93 

98 
105 
497 

72 

86 

85 

95 
120 
458 

69.06 
146.40 



131.10 

12.10 
21.25 
17.50 
16.40 

82.25 



19.80 
24.75 

4.80 

21.25 

27.25 

100.00 

9.25 

61.83 

2198 
117 
101 
100 

94 
120 
532 
104 

80 

80 

97 
127 
488 



117.15 

9.00 
37.50 
31.25 
19.40 

149.95 



70.10 
42.25 

64.30 

48.00 

31.26 

136.00 

9.88 

48.30 

2336 
121 

85 

97 

91 
123 
517 
112 

89 

92 
102 
140 
535 



63.68 75.74 



87.43 



120.30 
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MISCELLANEOUS CROPS.— Conitnii«(f. 



Year. 



Sulfate or 
Ammonia. 






NmuTBor 
Soda. 



1^ 



Cotton, 

Big Boll Upland . 

COWPKA, 



undried 

Iron, aixHlried, wt 

Whippoorwill, undried. 



ht. 



Crbss. 

Broad-leaved winter. 
Fine curled, 2 crops. , 



CUCUMBKBS, 

fruit 

Improved White Spine, fruit, 
vines 



Dandelion . 



1904 



1893 \ 

1894/ 

1905 

1906 

1899 



1906 
1904 
1906 

1894 
1904 
1904 

1894' 

1895 

1896 



2 

1 

2 


(-1) 



EoG Plant, fruit | 1894 



Endive, 

Broad-leaved Batavian. 



Emmer, Speltz. 



Flax, undried . 
Furze, wt . . . . 



ht. 



Gumbo. 



Hat, mixed d^ acre) . 
mixed (i\i acre) . 



Hemp, undried 

Horse Radish, roots. 

Kalb 

undried 



Dwarf Scotch Curled. 



1898 

1904 

1899 
1905 
1905 

1894 

1903 
1914 

1899 

1906 



1893 \ 
1894/ 
1906 



.00 



20.77 

17.00 

4.20 

73.00 



3.00 
.12 
.75 

.70 
.00 
.00 



.00 

2.30 

30.50 

.50 

10.50 
3.00 
3.20 

.00 

435.00 
410.00 

2.00 

.00 

25.46 
2.50 



10.00 



45.31 

32.00 

6.20 

61.00 



12.00 
38.44 
11.50 

36.10 

250.42 

63.50 



88.41 

1.80 

48.50 

26.31 

9.00 
2.75 
3.20 

20.00 

612.00 
545.00 

7.75 

5.00 

214.56 
45.00 



I 

14.00* 12.50 

I 



50.50 45 44 

41.251 32.00 

6. GO, 7.00 

69.50, 55.50 



12.75 12.00 

15.8S< 31.81 

12.50 14.50 

I 

28.90, 87.30 

188.19, 215.76 

48.00, 64.00 



64.45 109.04 



4.00 15.10 



I 
36.50, 

I 
10.19, 

4.00 
3.00| 



53.50 

24.81 

8.00 
1.00 
2.60 



2.10, 23.80 



475.00 
435.00 



4.75, 



11.00 



700.00 
725.00 



12.30 
21.00 



157.36 234.96 
30.00 45.00 
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•s J 

II 



Kohl Rabi, 

Leek, 

Carentan 

Lentils 

wt 

wt 

ht 

Lettuce, 

Butterhead, 2 crops 

Denver's Market 

Dwarf White Heart Cos, 2 crops 

Iceberg, 2 crops 

Lupines, 

Lupinua albita (white), ht 

yield per 30 plants 

Lupintu Hartwegiit yield per 50 plants 

Lupintu Hartwegii albtUt yield per 50 

plants 

LupinuM kirsutiu (blue) dried, wt 

LupiniM hirtutua (blue) ht 

yield per 60 plants 

LuptntM hirtuhi* folei$ ro9ei$^ yield per 60 

plants 

hupinu* hUetu (yellow), ht 

yield per 50 plants 

lMpinu9 mutabilia, yield per 10 plants .... 
LuptniM mutabilU Cruckthankiit yield per 

20 planta 

LupinuB nanust srield per 30 plants 

Lupintu polvphylliu, yield per 50 plants. . . 

Mabttnia, 



Year. 



18941 
1895 
1899 j 
1906 



1904 
1905 
1905 



1894 J 

1904 

1897 

1904 

1904 

1909 



1905 
1905 
1905 

1905 
1893 
1894 
1895 
1896 
1905 
1905 

1905 
1905 
1905 
1905 

1905 
1905 
1905 



1894 



Sulfate op 
Ammonia. 



4.80 
1.00 

.00 



.06 

.75 

6.00 



4.40 
.17 
.48 

.63 

13.86 

13.00 
3.00 

7.60 

7.00 

39.22 

8.64 

6.58 
.38 
.32 



1.00 



76.30 
71.00 

5.50 



6.44 
14.50 
19.00 



10.73 

44.40 
28.75 
62.37 
29.00 
1.25 



8.00 
9.38 
5.36 

5.88 

12.24 

17.00 
9.15 

4.46 

5.00 

84.21 

6.00 

10.00 
4.29 
1.96 



22.50 



NiTBATBOP 

Soda. 



49.90 
42.75 

2.00 



5.38 
9.00 
18.00 



.73 

5.25 
2.10 
14.44 
9.12 
2.75 



8.60 
11.38 
3.84 

7.81 

19.67 

19.00 
14.35 

4.55 

5.60 

70.59 

7.50 

13.07 
5.00 
2.46 



17.80 



76.95 
69.00 

l:£.25 



8.94 
13.25 
20.00 



16.13 

60.75 
20.75 
70.00 
39.94 
3.00 



8.00 

18.00 

5.88 

10.80 

9.73 

19.60 
23.07 

10.91 
7.40 

50.00 
5.19 

9.33 
3.76 
1.69 



50.60 
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MISCELLANEOUS CROPS.— C^mltnuml. 



o 'B 



Year. 



SULTATB or 

Ammonia. 



NiBTATB or 
Soda. 






MiLLvr, 



Japanese, dried . 
(i\i acre) . . . 



MU8KMEIX)N, 



fruit. 



Early Nutmeg, fruit. . 

Netted Gem, fruit. . . 

vines. . 



MCBTARD, 

White, undried 

Black, undried 

Chinese Broadleaf . 

Oats, 



Pringle's Progress, undried 

Black, from Bremen, air-dried 

Legroe, from Svalof , air-dried 

Golden Yellow, from N. W. Germany, aii^ 

dried 

air-dried ( i\j acre) 



(— 1) 



Onions, 

Barletta 

Egyptian 

Red 

Large Red Weathersfield . 
Yellow 

Parsley, 

Fern-leaved, undried .... 

Par»nip, 

roottf 

Pbawxtt 



1893 
1894 
1895 
1893 
1910 



1894 
1895 
1897 
1898 
1904 
1904 



1906 
1906 



1893] 

1894 \ 

1895 J 
1899 
1899 
1899 

1899 
1902 



1895 
1895 
1894 
1899 
1894 



1898 

1894 
1894 



13.76 



3. 
410.00 



.00 

15.25 
.00 
.00 



10.50 
.25 
.50 



19.96 

10.25 
2.80 
1.25 

2.15 
533.00 



.00 
.00 
.00 
.25 
.00 



43.61 



10.65 
230.00 



88.80 

106.80 
61.00 
46.75 



15.50 
13.75 
28.50 



27.80 

13.25 
2.45 
1.65 

2.30 
652.50 



9.70 
2.00 
8.00 
41.50 
8.50 



2.10 

31.30 
3.30 



46.07 



11.68 
250.00 



39.75 

79.50 
4.75 
3.33 



23.00 

5.60 

16.25 



21.94 

12.00 
2.45 
1.15 



40.05 



15.29 
250.00 



116.00 

126.75 
S0.94 
48.50 



28 00 
27.00 
33.25 



24.08 

15.25 
3.50 
1.45 



2.20 2.25 
554.00 723.00 



2.50 

.05 

2.00 

24.00 

1.60 



2.00 

4.80 
5.50 



19.70 
1 55 
18.00 
44.25 
13.00 



2.15 

33.50 
3.90 



Digitized by 



Google 



Liming an Acid Soil. 



435 



MISCELLANEOUS CROPS.— C<m<miMd. 



S 



Year. 



SULTATB or 


Ammonia. 


h 


i^ 


U 


h 


1.00 


23.60 


6.00 


60.00 


.50 


6.00 


2.60 


4.20 


.10 


13.70 


.06 


7.28 


.06 


2.16 


.38 


6.88 


.06 


3.10 


.60 


9.05 


6.00 


16.40 


.44 


4.04 


.10 


4.50 


5.20 


23.40 


7.65 


21.80 




252.00 




88.00 




266.67 




70.00 


38.26 


676.67 


.00 


31.50 


.00 


48.60 


1.50 


35.00 


.60 


1.80 


2.26 


12.75 


.40 


1.60 


.60 


3.30 


28.60 


28.75 


26.50 


25.00 


28.50 


53.00 


.00 


07.80 


51.50 


138.75 



NiTRATB or 

Soda. 



PbA4, 

Canada Field, wt. 



ht. 



Flat, wt. 



ht. 

Garden 

Gradufl, unripe, unahelled, inoculated, 

24-ft. row 

GraduB, unripe, unohelled, uninocu- 

lated, 24-ft. row 

▼ines, inoculated, 24-<t. row 

vines, uninoctilated, 24-it. row 

Garden, Gradua, wt 

ht. 
Granger * 



Pepper, 

fruit. 



1005 
1005 
1905 
1905 
1804 

1004 

1904 
1904 
1904 
1905 
1905 
1893 



1894 



Potato, 

Beauty of Hebron, tubers ' 1894 

Early Rose, tubers I 1893 \ 

\ 1894 / 
Norcroas, t^fth acre basis, I 

R. L seed, yield large, tubers 1912 

R. I. seed, yield small, tubers | 1912 

Maine wed, yield large, tubers 1912 



Maine seed, yield small, tubers. 
Maine seed, yield total, tubers. . 



Pumpkins, 

fruit... 



Radish, 

Scarlet turnip, roots 

Scarlet turnip, roots 

French breakfast, roots 

Ratrtailed, roots 

Round Black Spanish, roots . 

Sakurajima, roots 

White Stra8burg^ roots 



Rape. 



Rhubabb (See Fig. 8) . 



1912 
1912 



1894 
1895 
1900 

1894 
1906 
1894 
1906 
1906 
1906 
1906 

1894 



1899 
1900 



18.00 

51.60 

12.00 

4.80 

8.00 

5.44 

2.31 
4.91 
2.56 
8.90 
16.00 
1.88 



2.30 

16.50 
22.86 

500.00 
104.00 
389.00 
110. CO 
1108.00 



87.20 
25.00 
28.00 

4.60 
12.40 
3.80 
4.50 
83.50 
18.75 
46.50 

58.00 



114.50 



30.50 
65.00 
16.50 
6.00 
14.20 

6.50 

8.69 

6.09 

4.60 

15.70 

27.40 



6.30 



27.70 
23.74 

476.00 
112.00 
378.00 
100.00 
1066.00 



48.50 

134.05 

47.00 

6.30 
14.25 
3.30 
4.50 
43.10 
18.75 
37.00 

114.40 



141.25 



1 Many of the roots were decayed in the center. 
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MISCELLANEOUS CROPS— C<mlinir«d. 






Year. 



suu^atb of 
Ammonia. 



"a * 
PS 



^K 



NrnuTBOf 
Soda. 



1^ 

PS 



ll 



3 



3 
(-1) 
(— 1) 



(— 1) 



RowBN (no clover on 23 and but little on 25, 
i\f acre) 

Rtb, 

undried 

air-dried 

air-dried, grain (iV acre) 

air-dried, straw (iVi acre) 

SADfTOlM. wt 

ht. 

Salsiit (oyster plant) roots 

Scotch Broom, wt 

ht. 
Skbbadxlla, 

undried 

undried 

SOBGHUM, 

imdried 

Amber Sugar Cane, air-dried 

Broomcom, Dwarf, undried 

Kafir Com, air-dried 

Jerusalem Com, air-dried 

Sorrel, 

undried 

Spinach, 

undried 

New Zealand (See Fig. d), undried 

Spurrt 

Squash, 

Hubbard, fruit 

vines 

White Bush Scalloped, fruit 



1903 
1913 

1893 'i 
1895 
1896 
1899 J 

1894 1 
1899/ 
1913 
1913 

1905 
1905 

1894 

1905 
1905 

1895 \ 
1899/ 
1905 



1894 
1893 
1898 
1893 



1894 \ 
1895/ 



1894 
1896 
1897 

1904 



1904 
1904 
1900 



0.00 


410.00 


34.00 


146.00 


11.76 


14.30 


3.45 


6.35 


.00 


177.60 


.00 


343.00 


.00 


5.50 


.00 


4.80 


.00 


8.40 


37.50 


51.00 


7.30 


7.70 


51.30 


63.15 


34.20 


57.00 


.00 


58.40 


.01 


7.75 


4.25 


80.00 


.02 


7.75 


.00 


1.34 


192.75 


115.60 


.00 


14.48 


1.00 


37.75 


8.76 


41.00 


.00 


77.25 


5.00 


157.50 


32.00 


49.25 



30.00 
54.00 



12.68 



4.95 
166.00 



345.00 
360.(0 



12.76 



5.50 

174.00 



394.00 373.00 



6.40 
5.60 

1.00 

63.00 
8.40 

71.55 
67.50 



23.60 
.29 

70.00 

1.29 

.29 



6.75 
7.00 



9.50 



32.25 
8.30 



57.80 
47.60 



70.50 
3.06 

80.00 

4.3S 

.78 



200.60 130.00 



.99 28.58 



10.75 
25.60 



52.50 
39.75 



99.00 80.00 
135.00; 165.00 
44.00i 60.50 
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o S3 

1^ 



Year. 



SULFATB or 

Amiionta. 



NlTRATB or 

Soda. 



SnKTLOWBB. 



Tasbb, Spring, hi. 

Tobacco 

Tomato, 



fruit. 



Dwarf Champion, fruit, 
vines 



1803 \ 
1804/ 

1905 

1894 



1893 \ 
1894/ 
1904 
1904 



TUBNXP, 

Stxap-Ieaf, Flat, roots. 



<— 0) 



Ruta Baga, roots. 



Golden Ball, roots 

Purple Top, Strap-leaf, roots 

Ruta Baga, White-fleshed, roots. 
Sutton's Centenary, roots 

Perfection Greentop. roots. . 

Queen Swede, roots 

White French, roots 

Yellow Aberdeen, roots 



VVTCH, 

Kidney, wt. 



ht. 



8and.ht 

q;>read of plants . 

Watkbmklon, 

fruit 



Phinney's Early, fruit. . 

Fordhook's Early, fruit. 

vines 



Whbat, 
Spring. 



Saskatchewan, undried. 



1905 
1905 
1905 
1906 



1894 

1895 

1897 J 

1898 

1904 

1904 



1894 \ 
1895/ 
1899 



4.05 

7.00 
1.80 

16.97 

4.67 
6.50 

42.00 

26.25 

6.80 
.75 
1.40 
2.40 
4.80 
1.00 
1.60 
2.20 



.10 

.00 

8.40 

6.00 



223.75 

182.00 

61.00 

176.75 



.85 
.50 



124.18 

51.00 
38.30 

196.71 

38.74 
46.00 

216.55 

248.30 

40.00 
15.75 
18.00 
40.00 
42.80 
36.80 
22.00 
24.80 



12.80 

7.00 

36.00 

34.80 



166.30 

175.00 
175.87 
170.75 



14.70 

.70 



99.49 

39.00 
9.60 

187.43 

37.87 
49.00 

173.00 

194.26 

43.60 
15.75 
28.80 
47.60 
64.80 
48.00 
23.20 
21.00 



13.20 

7.00 

33.60 

32.80 



364.10 

185.50 
223.00 
261.00 



6.75 
.46 



127.80 

48.00 
48.00 

256.82 

33.43 
46.00 

216.80 

808.60 

30.60 
18.00 
32.40 
45.20 
47.20 
56.00 
33.40 
12.40 



8.90 

7.00 

33.50 

37.20 



230.60 

237.60 
140.00 
113.75 



10.76 
.70 
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discussion of the tabulated data. 
Flowers.* 

Most of the flowers included in the table are perennials which 
were started in the greenhouse; and, during June 4, 5 and 6, 1907, 
were transplanted to the field, each kind usually occupying a row 
crosswise of the four plats. The average height of the plants was 
ascertained on August 14. On November 29 the plats were covered 
with rye straw. Nevertheless, during the following winter a number 
of kinds were entirely winter-killed, as stated in the table; and, on 
June 10, 1908, annuals were set in the empty rows. The heights 
were measured on July 1. 

Such perennials as lived were allowed an opportunity to occupy 
the land three growing seasons or until the fall of 1909, and notes 
were taken from time to time on the number and condition of the 
surviving plants. Since these notes, however, furnished indications 
regarding the effect of liming similar in general to those supplied by 
the heights recorded in the table, they need not be published here. 

In October, 1909, the remaining plants were cut down, and in some 
cases the weights were taken, but inasmuch as the stand was usually 
different on the four plats, it seemed best not to eictend the limits of 
the table by including these weights. 

By reference to the table it may be seen that certain of the flowering 
plants were unable even to live on the very acid plat 23, so that only 
a zero could be recorded as a measm^ment; see, for example, sweet 
alyssum, candytuft, poppy and mignonette. In such cases there is 
usually a marked advantage in using lime also with nitrate of soda, 
(compare plats 27 and 29). Others, although able to live on the 
unlimed sulfate of ammonia plat, made a very unsatisfactory growth 
there, and were also much benefitted by liming even where nitrate 
of soda was used as the source of nitrogen; for example, foxglove, 
aurora flower, goat's rue (see Fig. 3), avens, balsam and nasturtiums. 

^Bailey's Cyclopedia of American Horticulture, The Macmillan Company, New York, 1900. has 
been followed in moet cases in regard to Latin and common names. 
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Again, some of the flowers, although much benefitted by an appli- 
cation of lime with the sulfate of anmionia made practically the same 
growth with nitrate of soda whether lime was added or not; for 
example, sneezewort, ageratum, columbine, false chamomile, baby's 
breath and double sunflower. 

FinaUy, there were a number of kinds of flowers which seemed to 
be quite tolerant of soil acidity, making a satisfactory growth, even 
on the very acid plat 23; conspicuous among these may be mentioned 
the blue false indigo, marigold, tickseed, evergreen, Japanese bell 
flower, nicotiana, scarlet sage and catchfly (see Fig 4). 

Trees and Small Fruits. 

Most of these were set out in 1896. They were young nursery 
plants and from five to ten of a given kind were set out crosswise 
in each of the four plats. In 1897, anumber of plants were replaced 
with new ones, the principal changes on each plat involving half of 
the currants and gooseberries, all of the Cuthbert raspberries, six of 
the Blackcap raspberries and the birches, and three of the maples. 
Five additional blackberry plants were set out on each plat. In 
1898, the principal change involved the replacing of two of the pear 
trees on each plat by new ones, and the addition to each plat of five 
cherries (two varieties), five plums and six spruces. 

The trees and shrubs were all removed in 1900. In the table, 
the eflfect of lime upon the trees is shown by their average increase m 
diameter during the time that they were in the experiment. This 
was determined by adding together the average increases for the 
first, second, etc., year of growth regardless of the calendar year in 
which the individual trees were set. Orange quince seems to have 
been markedly benefitted (see Fig. 6) followed by plum, linden and 
elm; whereas, Norway spruce, birch and peach, for example, seem to 
have been quite tolerant of acidity. 

Among the small fruits, both varieties of currant were benefitted 
very much by liming. It is of interest to notice that the Cuthbert 
raspberry was benefitted, whereas the Blackcap produced much more 
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on the unlimed than on the limed plats. In case of the plats receiving 
nitrate of soda, the blackberry also did better on the unlimed plat. 
The most pronounced case of injury from liming was illustrated by the 
cranberry (see Fig. 6). 

Grasses and Clovers. 

When comparing the weights of the different grasses given in the 
table, it should be recognized that in many cases, especially in case of 
the imlimed plats, with grasses whose growth was inhibited by an acid 
condition, a mixture of other grasses and weeds made up a large part 
of the weight, so that the benefit from liming such grasses was very 
much greater than would appear by the weights. For escample, 
on the very acid soil of plat 23 scarcely any of the following grasses 
could live, namely: Kentucky blue, orchard, sheep's fescue, tall 
fescue, and timothy; while even on the unlimed nitrate of soda plat 
they were often partly replaced by other grasses. On the other hand 
redtop and Rhode Island bent grew well on the unlimed plats, even 
making their best growth on the very acid unlimed plat which received 
sulfate of ammonia. It has been noticed repeatedly at this station 
that when land is sown with a mixture of redtop and timothy, the 
proportion of the two which persists depends upon the degree of 
soil acidity. 

It may be seen from the tables that scarcely any weight was secured 
from plat 23 in case of the clovers, but that some of them grew about 
equally well on the nitrate of soda plats, whether lime was added or 
not; notice, for example, mammoth, white and alsike. Other (inds, 
however, were much benefitted by the addition of lime in connection 
with nitrate of soda as a source of nitrogen; for example, alfalfa 
and sweet clover. 

It appears as though the benefit from liming in the case of red 
clover depended somewhat upon the locality from which the seed 
came. In May, 1907, red clover seed from a number of different 
cotmtries was obtamed from the United States Department of Agri- 
culture and planted under the same conditions, some of the seed in 



Digitized by 



Google 



Liming an Acid Soil. 441 

each case having been inoculated with the bacteria which inhabit the 
nodules of red clover and secure nitrogen from the air. Clover had 
been planted last on these plats four years previously, in 1903. The 
reader is simply referred to the table for the results of the inoculation 
since no general conclusions seem warranted and no observations were 
recorded regarding nodule formation. The red clovers having been 
winter-killed, a replanting with the same seed from the different 
localities was made in May, 1908, from which the results recorded for 
1908 and 1909 were obtained. 

MisceUaneoua Crops. 

On account of the great number of these crops, it is necessary to 
refer the reader to the table where the relative degree of benefit from 
liming the different crops is indicated by an integer as explained 
previously. 

In addition to showing the effects of lime, the table includes certain 
other unpublished data secured incidentally with some of the mis- 
cellaneous crops, which will now be referred to in chronological 
order. 

It may be seen by reference to the table that in 1904 certain kinds 
of beans were grown with and without inoculation by the bacterial 
culture which enables the bean to secure atmospheric nitrogen. 
Although there was an apparent benefit from inoculating Golden Wax 
and Red Valentine beans, the reverse was true with Lima beans. 
There was no special difference to note regarding the effect of lime 
whether the seed was or was not inoculated. Inasmuch as the annual 
application of nitrogen had been 54 pounds per acre for a few years 
preceding, it is not improbable that there was sufficient available 
nitrogen suppUed in the fertilizers to render the beans independent 
of the supplementary source which may have been afforded by 
inoculation. 

In 1905 the plats were planted with a large number of leguminous 
plants so that a comparison of these might be made imder similar 
conditions so far as manurial applications and climate were concerned; 
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and in 1906 cruciferous plants were similarly compared. The oom- 
parative effect of lime upon the various members of these botanical 
families may be seen by reference to the table. It will be observed 
that the reference often made to the marked beneficial effect of lime 
for legummous plants is applicable for only part of them, notable 
exceptions being cowpea, lupine, serradella and vetch. 

Following the seasons of 1907, 8 and 9, when the plats were used 
mainly for the perennial flowering plants already considered, the 
entire area of the plats was sown to barley in 1910. This was able 
to make scarcely any growth on plat 23, although doing fairly well 
on the other three plats as shown in the table, the largest crop having 
been produced on the least acid plat, 29. As a second crop Japanese 
millet was sown on July 20, and it was soon seen that the best growth 
was on the most acid soil, that of plat 23. This was not because the 
reaction of the soil of this plat was the most suitable for millet; for, 
although quite tolerant of acidity, it is shown from results of other 
years that plat 23 was too acid for the best growth *of millet. The 
millet was sown immediately after the barley was harvested and 
without any additional fertilizer. To secure some indication con- 
cerning the supply of available nitrogen, nitrate determinations 
were made in extracts from the soil of plat 29, and only 0.6 part of 
nitrate (NO3) per million (p. p. m.) of extract was found. In the 
extract of the soil of plat 23, however, taken from sections where 
the millet was making slower growth than on other sections of the 
plat, there were 28 p. p. m. of nitrate, the amount increasing from the 
first to the fifth inch in depth. These poorer sections, however, were 
50% more acid than other portions of plat 23, and it is interesting 
to find that nitrification could take place on such very acid soil. It 
seems probable then that the millet grew best on plat 23 because there 
was a larger amount of available nitrogen there, due to the fact that 
no barley could grow on this plat previously and thus consume the 
nitrogen. 

An uneven growth of both barley and millet occurred on each of 
the individual plats due to some influence of the perennial flowering 
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plants which had occupied rows crosswise the plats for a few years 
previously. Achillea Ptannica (Sneezewort) caused the most marked 
depression in the growth of barley, whereas the growth was specially 
good following certain other of the flowering plants. 

In the year 1911, the four plats were planted with White Cap flint 
com, different rows having be^i planted, respectively, with kernels 
from the tip, middle and butt of the ears, with kernels from small 
ears and with kernels from twelve-row ears instead of from the usual 
eight-row ears. It may be seen by the table that there was the most 
stover from the twelve-row ears, and generally a little larger weight 
of ears. In case of each plat, only one-fortieth of an acre is repre- 
sented by each kind of seed and further diiSFerences were not sufficient 
to warrant special mention on accoimt of the small area involved. 

In 1912 the plats were planted to potatoes and a comparison made 
incidentally between seed tubers from Maine and from Rhode Island. 
It is shown in the table that in this instance the crop was larger from 
the Rhode Island seed tubers, although in other experiments the 
reverse has been found more frequently to be true. 

In the fall of 1912 the plats were seeded to a mixture of rye, timothy 
and redtop, and clover was sown in the following spring. £ven though 
lye is quite tolerant of acidity, it could not grow on plat 23. It may 
be seen that the yields of both straw and graiu, however, from the 
other three plats were quite similar. In the rowen following the rye 
there was no clover on plat 23 and but little on plat 27, whereas on the 
limed plats there was a good stand. In the following year, 1914, the 
grass on plat 23 was all redtop; on plat 27, nearly all redtop with only 
a little timothy; and on the limed plats 26 and 29, it was mostly 
timothy with some clover. Similar observations were made in 1903 
when the plats were previously occupied entirely by the same mixture 
of grasses. 

COMPARISON OP RESULTS WITH SULFATE OP AMMONIA AND NITRATE 

OP SODA. 

Although the main factor influencing the growth of the crops on 
the four plats imder consideration seems to be associated with the 
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reaction of the soil, it is important to consider in so far as possible 
the agricultural value of the two sources of soluble nitrogen, since the 
market price per pound of nitrogen is now usually about the same in 
the two forms. It should of course be taken into account that their 
relative value as the entire sources of nitrogen as in the present 
instance may be different from their relative value in combination 
with other sources. The imlimed plat which has received sulfate 
of ammonia has been so infertile in most cases, due to its high acidity, 
that usually it will not now be given consideration. Plat 29, which 
has received both lime and nitrate of soda, although the least acid of 
the four plats, has usually been slightly acid, whereas the plat which 
has recieved nitrate of soda but no lime (27) would of course be more 
acid than plat 29. Plat 25 which has received sulfate of ammonia and 
also lime has usually ranked between these two in acidity, although the 
acidity determinations of 1914, previously given, show that it had 
then become the most acid of the three plats. Plants sensitive to 
acidity, therefore, such as those preceded in the table by iSgures 2 and 
3, would from this standpoint be expected to produce yields decreasing 
in the following order of plats, namely: numbers 29, 25 and 27, and 
it may be found by reference to the table that this is usually the case. 

The yields of those plants which are less sensitive to acidily, 
grouped as " 1 " and "0, " would not be expected to be all in this same 
order; and, as a matter of fact, about two-fifths of these yields as 
arranged in the table are larger from plat 25 than from plat 29, 
although the former plat is more acid. A similar comparison between 
the yields from plat 27 and 25 shows also that about two-fifths of the 
yields from plat 27 were greater than those from plat 25, even though 
here again the former plat was usually more acid. In one of these 
comparisons, then, a plat which received nitrate of soda excelled; and 
in the other, one which received sulfate of ammonia; the advantage in 
each case being with the plat which was usually less acid. 

Although it is hardly probable that there was ever a deficiency of 
available potassium, it should be recalled that if such were the case, 
the sodium of the nitrate of soda might prove useful to certain plants. 
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Unlimed. Limed. 

Sulfate of Ammonia. 



Unlimed. Limed. 

Nitrate of Soda. 



Fig. 3.— Goat's Rue. 




Unlimed. Limed. Unlimed. Limed. 

Sulfate of Ammonia. Nitrate of Soda. 

Fig. 4. — Catchfly. 
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Unlimed. Limed. 

Sulfate of Ammonia. 



Unlimed. Limed. 

Nitrate of Soda. 



Fig. 5. — Cranberry. 




Unlimed. Limed. 

Sulfate of Ammonia. 



Unlimed. Limed. 

Nitrate of Soda. 



Fig. 6. — Orange Quince. 
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Fig. 7.— Chicory. 




Fig. 8. — Rhubarb. 




Fig. 9. — New Zealand Spinach. 
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Fig. 10. — Mangel-Wurzels. 
Unlftned. Limed. Unlimed. Limed. 

Sulfate of Ammonia. Nitrate of Soda. 
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:a8 has been shown repeatedly at this station. Any apparent superi- 
ority of nitrate of soda as a source of nitrogen, apart from its physio- 
logical alkaline effect, should be considered with this fact in mind. 

It is impossible to compare satisfactorily the two salts only as 
sources of nitrogen unless in case of each, the reaction of the soil is 
made optimum for the growth of the particular kind of plant under 
<x»nsideration. To create such a condition there would usually be 
required the addition of a larger amount of lime in connection with 
sulfate of ammonia, because it is physiologically acid; and inasmuch 
^as such larger amount has not thus far been applied in the present 
experiment, only those plants which prefer moderate soil acidity 
have usually grown better on the limed sulfate of ammonia plat 
than on the limed nitrate of soda plat, whereas the reverse is true of 
those plants which are sensitive to acidity. This indicates that in the 
present experiment the reaction of the soil may have had a more 
important influence on growth than the form of the nitrogen. 

SXTBOfART. 

This bulletin treats of results secured during the last twenty-two 
years in connection with four plats equally and liberally manured so 
far as concerns the annual amounts of nitrogen, phosphorus and 
potassium. Two of the plats received their nitrogen m sulfate of 
ammonia, and the other two in nitrate of soda; to only one of each 
pair slaked lime was applied from time to time. 

About 280 different varieties of plants have been grown upon the 
plats, divided about as follows: flowers, mostly perennials, 75; trees 
and small fruits, 25; grasses and clovers, 30; and miscellaneous crops, 
150. 

The results of the first eight years have been published, heretofore, 
but since the publications are practically exhausted, the results are 
summarized or referred to in this bulletin in connection with the later 
work. 

Chemical, bacteriological and pot-culture work is involved as well 
as the securing of crop results in the field. To enable a concise 
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presentation of the latter, they are arranged in tabular form with 
as few details as practicable. 

The difference in the residual effect of sulfate of ammonia and 
nitrate of soda on the degree of soil acidity is shown to a marked 
extent ; and as the same amount of lime was added with the two sources 
of nitrogen, the reaction resulting was liable not to be optimum for 
the growth of a given plant, in which case conclusions could not be 
drawn regarding the relative merits of the nitrogen in the two sources. 

The approximate relative degree of benefit from liming, in case of 
the miscellaneous crops, is indicated by integers prefixed to the names 
of the crops alphabetically arranged in the table. 

Plants are included representing all grades from those which are 
positively injured by an application of lime even to a very acid soil, to 
those which are imable even to live on an acid soil and are beiefitted 
remarkably by lime. 



Digitized by 



Google 



PUBLICATIONS OF THE WORK OF THE AGRI- 
CULTURAL EXPERIMENT STATION OF THE 
RHODE ISLAND STATE COLLEGE, 
KINGSTON, R. I. 

(Appendix to BuUetin 160.) 



The funds at the disposal of this station, other than those provided for the 
fertilizer and feeding-stuff inspections, are available only for investigation and 
for the dissemination of the detailed results of its experiments. Because of this 
fact many of its publications are more specialized, and less adapted to the gen- 
eral reader, than may be the case with those from stations receiving state appro- 
priations which may also be used for bulletins covering a subject in a popular 
way, regardless of the source and details of the information on which they are 
based. 

In so far as funds are available for the purpose, the extension department of 
the college publishes brief popular bulletins, based upon experimental results 
secured at this or other stations. 

Any individual publication (except those marked with a *} will be sent free 
upon request until the supply is exhausted. Those marked with a * are not 
available. 



ANNUAL REPORTS. 



*Flrst (1888). 

Establishment snd orgsmsation. 

«Secoad (1889). 

Notas on the lines of work. 
Reprints of Bulletins 1 to 4, inclusive. 

«Third (1890). 

CoOperatiTe fertiliser experiments on com. 
Variety tests of fruits and potatoes and other 

▼egetables. 
Bordeaux mixture as a prsTentive of potato 

bUght. 

^Fourth (1891). 

CoCperatiTe fertiliser tests on corn. 

*Flfth (1892). 

Winter or spring application of ashes to mead- 
ows. 
CodperatiTe fertiliser tests on corn. 
Shrinkage in curing field corn. 
Jensen hot-water treatment for oat smut. 



Trials of different forms of phosphate. 
Fertiliser experiments with oats. 
Tzials of lawn grasses, musk melons [and. legu- 
minous crops. 
Potato scab. 

Remedies for the rose-bug. 
Cross-breeding of poultry. 

*Slxth (1893). 

Ill-effect of sulfate of ammonia, and the use of 

lime in overcoming the same, 
lime used in connection with organic nitrogen. 
Cooperative field experiments. 
Rotation of crops. Seed examination. 
Applying liq\aia manure with hydrant water. 
£xi)eriments with turkeys and their diseases. 

•Seventh (1894). 

Soil tests with fertilisers and plants. 

Growth of plants on unlimed and limed upland 

acid soil. 
Value of soda in connection with potash. 
Fungous parasites of the apple and pear. 
Infectious disease of turkeys. 
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*Elghth (1895). 
Relative growth of sorrel and dover on limed 

and unlimed acid soil. 
Growth of plants on limed and unlimed add 

•oil. 
Value of soda in connection with potash. 
Reco^tion of soil addity, and its bearing on 

agricultural practice. 
Ammonium thiocyanate in ammonium sulfate. 
8dl tests with plants and fertilisers. 
Different kinds of greenhouse piping. 
Leguminous plants without ana with nitrogen. 
Three seasons cross-breeding of geese. 

«NInth (1896). 

Oysters in Point Judith Pond. 
Carnations, fairy ring disease, rust. 
Value of soda in connection with potash. 
Growth of plants on limed and unlimed add 

sdl. 
Rdative growth of different plants in a 0OU 

test. 
Growth of barley on limed and unlimed add 

soil. 
On the general lack of lime in Rhode Uaod 

soils. 
On the neutralising action of lime upon soil. 
Trial of phosphates. 
Northern vs. home-grown seed potatoes. 
Army worm in Rhode Island. 
Test of garden seeds. 

<Tenth (1897). 

Value of soda in connection with potash. 
Effect of sulfur and sulfate of ammonia on 

potato scab. 
Lettuce, cultivation, dasdfication and deaorip- 

tion of varieties. 
Potatoes, variety test, culture, in rotations. 
Needs of certain Rhode Island soil*. 
Effect of lime upon plants. 
Trial of phosphates. 
The star-fish in Narraganaett Bay. 
Methods in planktology. 
Geese, breeding and other experiments. 

^Eleventh (1898). 

Erroneous condusions from plant soil-teats, 
^trate of potash vs. muriate of potash and 

nitrate of soda. 
Value of soda in connection with potash. 
Growth of plants on limed and unlimed add 

sou. 
Lime requirements of Rhode Island soils. 
Impurities in iron for nitrate determinations. 
Treatment of oats to prevent smut. 
Trial of "nitragin." 
Notes on roup In fowls. 
Pruning trees when planted. 
Varieties of potatoes. 

*T%relfth (1899). 

Effect of slaked lime and other bases on humus 

and on humous nitrogen. 
Effect of sulfur on potato scab. 
Different clover ana grass mixtures for seeding. 
Effect of lime before and after seeding. 
Nitrate of potash vs. muriate of potash and 

nitrate 01 soda. 
Cherries. Lettuce. Rhubarb. 
Pot experiments under glass. 
Apple orchard. Blooming period of fruits. 
Carnation stem-rot. 
Prindples of breeding. 



«ThlHecnth (to June 30, 1900). 

Horticulture from an educational standpoint. 
Regenerating an apple orchard. 
8trawl)erry crosses. Plant sdeetion. 
Addity of upland soils. 
Roup. Poultry heredity. 
Redstance to frost. 
Carnation stem-rot. 
The apple mamot. 
Lettuce. Rhubarb. 

*Poiirtecnth (to June 30, 1901). 

Methods for chemical analysis of soils. 
Apparatus for determining fat. 
Field and pot sotl*tests compared. 
The forest, its influence and manacemsnt. 
Brooding incubator chicks. 
Plant selection. Corn mixing. 
San Jos6 scale. Apple maggot. 
Fertilisers for bush-miits. 
Carnation stem-rot. 
Methods of tree planting. 
Carbon dioxid in incubators. 
Qooee cholera. 

Notes on Rhode Idand Reds. 
Preservation of eggs. Trap nesto. 
Black Bdgian hares. 

Narrow, medium and wide rations for laying 
hens. 

Ftftoenth (to Jtne 30, 1902). 

Slate vs. boards for greenhouse benches. 
Flowers for the home garden. 
Effect of sugar and chemicals on odor of fiowsts. 
Strawberries, seedlings, fertiliser experiBienta. 
Redstance of beans to frost. Com ssisetien. 
Sand cheny and fruit rot. 
Poisonous action of chlorids. 
Five-year rotation, induding dover. 
Influence of the height of incubators on hateb. 
Eggs and incubation. 
"Blackhead'* in turkeys. 
Experiments with thoroughbred | 



Sfactecnth (to June 30. 1903). 

Effect of sugar and chemicals on oolor of Btowmt, 

QasoUne for sauash enemies. 

Spragring peaen foliage. 

Strawberry seedlings. Clover. 

Blooming period off ruits. 

Com selection. Huckleberries. Ilex. 

Durability of Posto. 

Function of sodium in nitr»te of soda. 

Seventeenth (to June 30, 1904). 

Tent covering for vegetables and strawbsmcs. 
Clover selection. Com sdeetion. 
Apple msggot. 
Magnedum as a manure. 

Eighteenth (to June 30. 1906). 

Bush-fruits. Com sdeetion. 

Sdl sterilisation. Apple maggot. 

A market-garden rotation. 

Tent covering for vegetables. 

Strawberry seedlings. 

Effect of extracting fertilisers at different timss. 

Methods of determining phosphoric add. 

Extraction in determimng ash oonstitoents. 

Effect of liming upon soil constituents. 

Ascertaining phosphoric add defidendes. 

Cause of unproductivity in a soiL 
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Nineteenth (to June 30, 1906). 

Deatroying charlock in grain fielda. 

Oraf ting-wax. 

Lawn experiment. 

A market-garden rotation. 

A ra«pberry Bcore-card. 

Sterihsed soil. 

Tent oovering for Te^tables. 

Concerning the functions of sodium salta. 

Twentieth (to Jane 30. 1907). 

Selection of clover, com and strawberries. 
Strawberry seedlings. Bush-fruits. Melons. 
Apple maggot. 

Froet resistant beans. Winter temperatures. 
Lawn ezpenmentf. 
Market-garden rotation. 
Swedish turnip culture. 

E£fect of sodium on plants in solutioo cultures. 
Relation of soil acidity to the effect of add in 
solution cultures. 



Twenty-first (to Jane 30, 1906). 

Sodium as a partial substitute for potassium. 
Relative toxicity of ferrous sulfate to barley and 

rye seedling. 
Mating experiments with bees. 
The crow as a menace to poultry raising. 
Methods of keeping pedigree records. 

Twcnty-seoood (to Jane 30, 1909). 
Notes on the progresn of the work. 

Twenty-third (to June 30. 1910). 
Notes on the progress of the work. 

Twenty-fourth (to June 30, 1911). 
Notes on the progress of the work. 

Twenty-fifth (to June 30. 1912). 
Notes on the progress of the work. 



Subsequent notes on the progress of the experimental work since July 1; 1912, 
will be included with those on the other activities of the institution, in the Annual 
Report of the Board of Managers of the Rhode Island State College. 



BULLETINS. 



♦1. 

•2. 

•3. 

♦4. 

♦6. 
•6. 

♦7. 

•8. 

•9. 

•10. 



•11. 



•12. 
•13. 



•14. 



•16. 



•10. 



Organisation of the experiment station. 

The farm, historical, physical and geolog- 
ical description. 

Stoek feeding. 

Bee keeping. Establishment of the 
apiary. 

Potatoes. 

Milk fever, or parturient apoplexy in 
cows. 

Catalogue of fruits. Report of apiarist. 

Soils and fertilisers. 

Experiments in apiculture. 

Mixed foods in cases of faulty appetite 
in horses and neat stock; including 
notice of patented and proprietary 
foods. Sore shoulders in horses. 

The state fertiliser law as it is and as it 
should be. Fertiliser analyses and 
comments. 

Further analyses of fertilisers with com- 
ments. 

Analyses of fertilisers and miscellaneous 
materials. 

Notes on the 4;>otato scaband Bordeaux 
mixture as a preventive of potato scab 
and of potato blight. Notes on trans- 
planting onions. 

Treatment of loose smut of oats. Fun- 
gicides and insecticides. Black rot of 
the grape. Apple scab, coddling moth, 
canker worm and plum cureulio. 

The new fertiliser law for Rhode Island. 
Selling price of fertiliser stock. Anal- 



•17. Analyses of commercial fertilisers. 
•18. Fertiliser analyses. Caution regarding 

purchase of wood ashes. 
•19. Fertiliser analyses with comments. 



•20. 



•21. 



•22. 
•23. 



•24. 
•25. 



«26. 
•27. 



•28. 
•29. 



♦31. 



«33. 
•34. 

•36. 
♦36. 
•37. 
•38. 
•39. 
•40. 
•41. 
•42. 
•43. 



Production of oai>ons. Experiments In 
caponising. Prices of capons, broilers, 
roasters and fowls in Boston and New 
York markets. When to make capons, 
the time to sell, and how to prepare for 
market. Caponising tools, and how to 
perform the operation. 

Sea-weeds. Agricultural value and 
chemical composition. 

Strawberries. Cultivation and varieties. 

Fertilisers. Commercial and misoel- 



Fertiliser analjrses. 

Turkeys, experiments with; management 
of. by successful producers; wild 
turkey crosses, their desirability, and 
where they may be obtained. 

Fertilisers. Oats. Potato scab. 

Leaf blight of the pear. Raspberries; 
distribution of plants. 

Rhode Island soils. Fertilisers. 

Fertilisers. 

Fertilisers. Potato scab. 

Some special orchard treatment of the 
aftple, pear, and quince. 

Fertiliser analyses. 

Fertilisers. Potatoes. Potato scab. 

Fertiliser analyses. Home-mixed fer^ 
tUisers. 

Garden seeds. 

Potato culture. Hastening maturity. 

Apple culture. 

The bordeaux mixture. 

Fertiliser analyses. 

Fertilisers. Potato scab. 

Spinach. 

Fertilisers. 

Additional tost of garden seeds. 
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«44. Celery. 

*46. The losanberry; from leed to fruitage. 

M6. lime and limine. 

*47. Lime, nitrogen and aoda. 

M8. Ferttliaer analyaee. 

'^^9, Liming in Rhode liland. Legumes. 

*A0. UtiUsataon of waete products and waste 

plaoee. Part I. The nitrogen prob- 
lem. 
*61. Utilisation of waste products and waste 

plaoee. Part II. The dam. Culti- 

▼ation of tidal mud flats. 
*52. Suggestions as to spragring. 
*53. Practical bearing of some field and pot 

experiments conducted at this station. 
*54. Commercial fertilisers. 
*55. Forcing rhubarb. 
*66. Fertiliser analyses. 
*67. Quantities of nitrogen for grass. 
*68. Finanoial gain from liming grass land. 
*69. Fertiliser analyses. 
*60. Fertiliser ana^ses. 
^l. On the mortauty of incubator chicks. 
*62. Chemical methods for ascertaining the 

lime requirementa of soils. 
*03. Feeding-stuff inspection. 
*64. Feeding. Feeding-stuffs. 
*65. Fertiliser experiment with potatoes. 
*06. Effect of lime upon grasses and weeds. 
*(i7. Commercial fertilisers. 
*68. Treatment of the sandy soils of Rhode 

Island. 
*60. A study of plant adaptations. 
■^TO. Commercial fertilisers. 
^1. Top-dressing grass land. 
*72. Special instruction in poultry culture. 
e73. Commerdal fertilisers. 
^4. A rotation of crops. 
*75. A four-year rotation of crops. 
^6. A five-year rotation of erops. 

77. Rations for milch cows. 

78. Analyses of feeding-etuffs. 

79. Fertiliser analyses. 

*80. A modern dairy bam. Individuality of 

cows. 
*81. Commercial fertilisers. 

82. Qrass experiment!. 
*83. Improving an orchard. 
*84. Poultry feeding. Feeding-stuffs. 

85. Fertiliser analyses. 
*86. Qoose septicMmia. 
*87. Fowl tsrphoid. 

88. The f oreeta of Rhode Island. 

89. Commercial fertilisers. 

90. Further experimenta in top-dreering 

grass-land. 

91. Bush-fruita. 

92. The soy bean. 

93. Commercial fertilisers. 

94. Commercial feeding-stuffs. 

96. Cooperative expenmenta in top-d r e s ss 
ing grass-land. 

96. Influence of lime upon plant growth. 

97. Commercial fertilisers. 

98. FeedingHBtuff analyaee. 

*99. A six-year rotation of crope. 
^00. When to spray. Formulas, and notes 
on spraying. 

101. Fertiliser analyses. 

102. Fertiliser analyses. 
*103. Qrass experimenta. 

104. Plant peculiarities as shown by the in- 

fluence of sodium salta 

105. Commercial feeding-stuffs. 

106. Concerning the agricultural value of 

sodium salta. 

107. Soil treatment in greenhouse culture. 



♦108. 
109. 



110. 
111. 
112. 
113. 
114. 

116. 

♦116. 

117. 

118. 

119. 
120. 

121. 

122. 
♦123. 



n24. 

126. 
♦126. 

127. 

12& 

129. 

♦130. 
131. 

♦182. 

♦133. 

134. 

♦186. 

186. 

♦187. 

188. 

189. 

140. 
♦141. 
♦142. 

143. 



Fertiliser analyses. 

A comparison of the rseolto obtained by 

the method of eulturee in psraffinsd 

wire pota with field reeulto on the earns 

soil. 
Commercial fertilisers. 
Potatoee. 

Feeding-etuff analyses. 
Continuous com culture. 
Test of nine phosphates with diffsrant 

planta 
Commercial fertilisers. 
Com selection. 
Fertiliser analyses. 
Continued teet of nine phoephatee with 

different planta 
Commercial feeding-stuffs. 
Soil testa in paraffined wire basketa 

compared with teeta on farms. 
A study of Rhode Island soil require- 
menta by means of field tests. 
Fertiliser analyses. 
The rearing and management of turkeys 

with necial reference to the black- 
head disease. 
Further experimenta in oonneotian with 

the blackhead diMase. 
Commercial fertilisers. 
Feeding experimenta with ^dckens, 

cockerels, and turkeys. 
Some recent feeding 

Feeding^tuff anahrses. 
A further study of soil 

greenhouse culture. 
Experimenta with feldspathio rook as a 

source of potassium. 
Fertiliser analyeee. 
Further soil testa in pamflSned wire 

basketa 
Fertiliser analyeee. 

Weeds, their eradication and eontrol. 
Abstracto of feeding experimenta 

Feeding-stuff analyses. 
Further reeulta in a rotation of potatoes, 

rye and clover. 
Ropy milk in Rhode Island. 
Fertiliser analyses. 
Fertiliser analyses. 
Studies of the needs of Rhode Island 



study in 



Abstraota of feeding 

Feeding-etuff analyses. 
Blackhead in turkeys: A 

avian oooddioeis. 
The availability of certain unusual 

nitrogenous manures. 
Nitrogen content and yield of crope as 

affected by different nitrogenous 



144. Fowl cholera and methods of oombating 
it. 
♦146. Protein concentrates for winter chidts. 

146. A biological study of eleven pathogenio 

organisms from cholera-hke diseases 
in poultry. 

147. The gain in nitrogen during a five-year 

pot experiment with different legumes. 

148. Reld experimenta on individual farms. 

149. Co6perative study of R. I. soil defi- 

ciencies. 
160. Studies on fowl cholem: II. The 
role of an homologous eulture of 
slight virulence in the production of 
active immunity in rabbita 
♦161. Effect of cow dung on the availability of 
rock phosphate. 



♦Not available for distribution. 
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152. 
153. 



154. 



155. 



156. 



GoOperatiTtt experiments in alfalfa oul- 

tore. 
The effect of sodium manurins on the 

composition of plants. 
The percentage of total phosphorus in 

flat turnips as influenced by the 

amount available in soils. 
Studies on inheritance in poultry: 

I. Constitution of the White Leghorn 

breed. 
The availability of the nitrogen of 

cotton-seed meal and beef scrap for 

chicks. 



157. Studies on fowl cholera: III. The in- 

heritance in rabbits of immunity to 
infection with the bacterium of fowl 
cholera. 

158. Studies on inheritance in pigeons: I. 

Hereditary relations of tae principal 
colors. 

160. Studies on fowl cholera: IV. The re- 
ciprocal relations of virulent and av- 
irulent cultures in active immunisa* 
tion. 

160. The comparative effect on different 
kinds of plants of liming an add soil. 



INSPECTION BULLETINS. 

Since July, 1910, these have been published in a separate series under the 
titles of Analyses of Commerdal Fertitisers or Analyses of Commercial Feeding- 
atuCFs, and designated by the month of issue. They contain only the analyses, 
and brief information to assist the consumer in understanding the relative merits 
of the different brands. Only a small number are printed in excess of the immedi- 
ate needs, for they are mainly of temporary value. 



CONTRIBUTIONS TO JOURNALS. 

Only those published since 1909 are mentioned. A limited number of reprints 
of some of these are available to specialists. 



Studies in avian cocddiosis: I. White diai^ 
rhea in chicks: II. Roup in fowls. Centbl. 
Bakt. (etc.). Abt. 1, Oiig., 1009. 60 (3). 



^Note on the behavior of the domestic fowl. 
Amer. Nat., 1909, 43, pp. 669-676. 

Notes on the paraaitasm of CyloditM nudus 
and Hmmophy$aiU ehordsilU. Sdenoe, N. 
S.. 1909, 30. p. 774. 
^Regarding the value of the van Qieson and the 
Romanowsky malarial stains for the detec- 
tion of ooccidia. Centbl. Bakt. (etc.), Abt. 
1. Orig.. 1909, 62 (1) 1, pp. 147-150. 

Studies in avian cocddiosis: III. Coccidio- 
sis in the English sparrow and other wild 
birds. Centbl. Bakt. (etc.), Abt. 1, Orig., 
1909, 66. 622-3. 
Concerning the action of pyrogallol on un- 
productive soil. Proc. Soc. Prom. Agr. 
Sci., 1909. 

After-effect of certain phosphates on limed 
and unKmed land. Jour. Indus. Engin. 
Chem.. 1910. 2. 133-6. 

Further studies on blackhead in turkeys. 
Centbl. Bakt. (etc.), Abt. 1, Orig., 1910, 68, 
33-41. 

Amceba meleagridis. Sdenre, N. S., 1910, 32. 
(834), 918^19. Sex-limited inheritance (in 
poultry). Sdence, N. 8.. 1910, 32, (831), 

^imeria avium. A morphological study 

Archiv. Protistenk., 1911, 22, 7-50. 
Studies on fowl cholera: I. A biologieal study 

of ten strains <^ the fowl cholera organism. 

Ontbl. Bakt. (etc.), Abt. 1, Orig., 1911, 

61. 323-336. 
The effect of phosphorus manuring on the 

amount of inorganic phosphorus in flat 



ttvnip roots. Jour. Indus. Engin. Chem., 
1911, 3. 831-2. 

The availability of the insoluble nitrogen in 
certain commerdal fertilisers. Jour. Indus. 
Engin. Chem., 1911, 3. 684-6. 

*The status and future of the American agron- 
omist. Proc. Amer. Soc. Agron., 1911, 3, 31-9. 

The use of carbolic add in fowl cholera. 
Centbl. Bakt., [etc.]. Abt. 1, Orig., 1911, 
57. 4.58^62. 

The effect of the "Wet Process" on the avail- 
ability of low grade nitrogenous materials. 
Jour. Indus. Enpn. Chem., 1912. 4, 441-3. 

*The effect of sodium manures on the percent- 
age of sugar in certain plants. Proc. 
Eighth Intemat.Cong. Appl. Chem., 1912, 15, 

*CapsuIe-formation by the bacteria of hemor- 
rhagic septic«mia. Centbl. Bakt. (etc.), 

Abt. 1, Ong., 1913. 72, 478-480. 
On feeding experiments to determine the 

availability of protdn. Proc. Soc. Prom. 

Agr. Sd., 1913. 
The presence of the barred plumage pattern 

in the White Leghorn breed of fowU. Amer. 

Nat.. 1913, 47, 418-428. SU figures in text. 
Studies in fowl cholera: II. Active immunity 

in rabbits. Centbl. Bakt., [etc.], Abt. 1, 

Orig.. 1913. 69. 271-311. 
Regarding *'une nouvelle Cocddie aviaire 

Eimeria bracheti (n. sp.).*' Arch. Proti^tenk. 

1913. 31. 354-355. 
Experimental efforts to retain the freshness 

in cut rose blooms. Sdence, N. S., 1914, 40, 

(1024). 248. 
The English rabbit and the question of mende- 

lian unit-character constancy. Amer. Nat. 

1914.t 



*Not available for distribution. 

fJoint publication with the Laboratory of Genetics, Bussey Institution, Harvard University. 
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CONCERNING THE DISTRIBUTION OF 
BULLETINS.* 



In the future the present mailing list of the station, and that 
supplied by the Office of Experiment Stations of the U. S. Department 
of Agriculture, will not be used in coimection with the distribution of 
regular station bulletins. 

On account of the experimental details and scientific discussions 
which these bulletins must contain to make the results of permanent 
value to investigators and to those charged with the duty of makinic 
direct applications of the material to the operations of the practical 
farmer, it seems inappropriate and uneconomical for the station to 
maintain a large mailing list, but rather to comply in the future with 
requests for individual bulletins, which are amiounced from time to 
time in the agricultural press or by the extension department of the 
Rhode Island State College. 

If, however, there are individuals or institutions, who by their 
letter heads or explanations make it appear that all the bulletins in a 
given line would be likely to be appropriate to their needs, a limited 
nmnber of names of such will, upon request, be placed on a new 
mailing list so that application for each individual bulletin will not be 
necessary. An applicant should submit his office instead of his name 
whenever by so doing frequent changes in the mailing list may be 
avoided; e. g. County Adviser, Blank, Mo. 

The new mailing list will have two divisions in accordance with the 
two rather distinct lines of research now carried on, namely: (1) 
Agronomy, involving field, glasshouse and laboratory studies, the main 
subjects being rotations, the specific effect of different fertiliser 
chemicals and limes, the effect of crops on those which follow, the 
relative "feeding power" of different crops, nutrition, and soil 
acidity; and (2) Animal Breeding and Pathology, involving studies on 
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the communicable diseases of poultry with special reference to etiology 
and immimity; also on the manner of inheritance of characters, 
especially in poultry and rabbits. It will be necessary for the appli- 
cant to state in which line he is interested (1 or 2), if the request is 
to receive attention. New mailing lists also will be made to accomo- 
date those who apply hereafter for either the fertilizer or feeding- 
stuff inspection bulletins. 

A list of the past publications of the station bulletins precedes this 
announcement, and revised copies of the list will be furnished in the 
future upon request. 

The extension department of the college is undertaking the more 
concise and popular presentation of farm matters; and requests for 
such information and bulletins should be made direct to the Extension 
Department, Rhode Island State College, Kingston, R. I., instead of 
to the Experiment Station. 

AgricvUural Experiment Station, 

Kingston, R. I. 
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PURCHASE OF MISSING PUBLICATIONS. 



Not having been able to secure, for binding, certain publications 
from the institutions which issued them, this station would be very 
glad to learn of any person who is willing to dispose of any of the 
following missing numbers, and of the price desired for each. 

Missing from the publications of the Agricultural Experimeni Stations:— 

Alabama (Auburn) Bulletin 155. Circulars 4, 13. (Tuskegee Sta- 
tion) Bulletins 2, 14, 17, 22, 23. (Tuskegee Station) All Reports. 

Arizona (Tucson) Reports 3, 4. 

Arkansas (Fayetteville) Bulletins 3, 11. 

California (Berkeley) Bulletins 1, 2, 3, 6, 50, 62, 66, 71. Circular 14 
and Reports 1905-1912 inc. 

Colorado (Fort Collins) Bullfetin 180, Parts 1 and 3. 

Connecticut (New Haven) Bulletins 1-17, 19-26, 29-32, 57, 61, 68. 
(New Haven) Report 4 (1879). 
(Storrs) Reports 24 (1911), 25 (1912). 

Idaho (Moscow) Reports 1909-1912. 

Indiana (Lafayette) Bulletins 1-4, 8, 9, 12. Regular Edition of 
Bulletins 143, 145 and Report 2. 

Michigan (East Lansing) Special Bulletins 1, 3, 6. Report 1893. 

Missouri (Columbia) Bulletins 2, 3. 

New York (Geneva) Reports 1 (1882), 2 (1883), 3 (1884), 8 (1889). 

North Carolina (West Raleigh) Bulletins 1-18, 22, 25, 27, 28, 33, 39, 
48, 51, 55. Reports 1, 3, 33. 



Digitized by 



Google 



IX 

South Carolina (Clemson College) Bulletin 154, Reports 1 and 8 of 

Columbia. 
South Dakota (Brookings) Report for 1899. 
Washington (PuUman) Bulletms 12, 15, 54, 56-58. 

Missing from the publications of the U. S. Department of Agriculture: — 

Bureau of Animal Industry — ^Bulletin 6. Circulars 16, 82, 85, 88. 

Bureau of Biolo^cal Survey — ^Bulletins 1-7 inc. 

Bureau of Chemistry— Bulletins 1, 2, 3, 7, 8, 10, 11, 16, 38, 41, 161. 

Circulars6,ll,112. 
Bureau of Entomology — Bulletins (old series) 1, 2, 5, 26, 30, and all 

after 32. Technical Bulletin 4. 
Bureau of Forestry — ^Bulletin 23. 
Bureau of Statistics— Bulletins 4, 6, 80, 86, 87, 92, 97, 98, and all 

after 103. Fiber Investigations Bulletins 2. 
Division of Botany — ^Bulletin 4. 
Farmer's Bulletin— No. 327. 
Office of Experiment Stations — ^Bulletin 253. Circulars 2-6 inc., 

9, 10, 13-16 inc., 21, 24, 26, 48. 
U. S. Dept. of Agr., Office of Secretary— Circulars 1, 2, 5, 16, 18, 39, 

42, and all after 45. 
U. S. Dept. of Agr.— Reports 1-57 inc., 91, and all after 98. 
U. S. Dept. of Agr. — Index to Year Books previous to 1901. 

Address: 

Agricultural Experiment Station, 
Kingston, R. I. 
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AGRIGOLTORAL EXPERIMENT STATION OF THE 
RHODE ISLAND STATE COLLEGE. 



BULLETIN 161, DECEMBER, 1014. 



STUDIES ON INHERITANCE IN POULTRY: H. 

THE FACTOR FOR BLACK PIGMENTATION 

IN THE WHITE LEGHORN BREED.* 



PHILIP B. HADLEY. 



It haB been shown by Goodalef and by the present writer,} and 
has sometimes been noticed by observant poultrjonen, that crosses 
between the White Leghorn and the White Pljonouth Rock breeds of 
fowl may give rise in F2 to barred, or otherwise dark colored indi- 
viduals. This circumstance naturally brings up a question regarding 
the origin of the black pigmentation necessary for bringing out 
the barred pattern in Fa. It has been assumed that the White 
Plymouth Rock fowl does not harbor the factor for black pigmenta- 
tion, since, whenever black is added to the White Pljonouth Rock, 
as by crossing with a black breed, the barred pattern is manifested. 
Therefore it has appeared probable that the factor for black pigmenta- 
tion was present in the White Leghorn. Strong evidence in favor 
of this view was presented by the present writer in an earlier contribu- 
tion.* But Bateson and Puimett§ have described an instance in 

^Contribution 211 from the Agricultural Experiment Station of the Rhode Island State Ck)llege. 

tGooDALB, H. D., Experimenta with poultry. Proc. Soc. Expt. Biol, and Med , 1910, (7), 17S-9. 

(Studies on inheritance in poultry: I. The constitution of the White Leghorn breed, Rhode 
Island Affr. Expt. Sta.. Bui. 155, pp. 151-216, 1913. 

SBatxson, Wm., and Punnetf, R. C, Report to the Evolution Committee of the Royal Society, 
IV, pp. 28, 29, Publ., Harrison and Sons, London, 1908. 
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which two types of white' fowl, when mated together, produced 
progeny, all of which were dark colored, thus suggesting that each 
type contained one of the two factors whose combination was neces- 
sary in order that pigmentation might result. The observation made 
by Bateson and Punnett naturally suggests the possibility that the 
White Leghorn does not carry the factor, or factors, for black pig- 
mentation, but contributes only one (X) of two necessary factors, 
while the White Pljonouth Rock contributes the other (Y). This 
point can be tested by properly devised experimental matings and 
it is the aim of the present contribution to report the results of an 
experiment in cross-breeding which has a direct bearing upon it. 

The stock used was pure White Leghorn and White Plymouth 
Rock, line-bred for many generations. The crosses were made 
in only one direction. White Leghorn cf* X White Plymouth Rock 9 9 . 
The majority of the birds were raised to five months of age, and some 
were kept imtil they were mature. 

Before presenting the experimental results, a word should be said 
regarding the zygotic constitution of the White Leghorn, since this 
point has an important bearing upon the interpretation of any results 
obtained. This breed is characterized by the so-called 'dominant 
white," as contrasted with the "recessive white" present in the 
majority of other white breeds, including the White Plymouth Rock, 
White Minorca, and White Silky, for example. In crosses between 
the White Leghorn and such black fowl as Black Hamburg, Black 
Minorca, Black Spanish and Black Java, the Fi birds are invariably 
white, frequently showing splashes or flecks of black, and less often 
a barred or partly barred feather. In Fa the tjrpical Mendelian 
ratio appears, 3 white : 1 dark. The dark birds comprise both 
black and barred individuals in the ratio 1 : 3, as stated in an earlier 
paper.* 

One is naturally led to inquire, — What is the nature of the dominant 
white character in the White Leghorn? The Leghorn white is due 
to the absence of color, but it is illogical to say that the absence of 

*Hadlbt. p. B., The presence of the barred plumage-pattern in the White Leghorn breed of 
fowlfl. Amer. Nat., 47, 1913. 418-428. 



Digitized by 



Google 



Studies on Inheritance in Poultry. 461 

pigment is dominant over its presence. We are forced to conclude 
that the White Leghorn and other breeds, such as the White Dorking, 
characterized by the D-white, must contain some pigment-destroying 
or pigment-neutraUzing character which prevents the manifestation 
of black. The exact nature of this character is unknown, but it 
may be referred to merely as an inhibiting factor (I), for which the 
White Leghorn appears to be homozygous. It may be similar to the 
inhibiting factors (Wi, W2, W„ etc.) which Cole* finds present in 
pigeons. 

The manner in which this factor acts, in order to destroy pigment, 
or to neutralize it, or to prevent its formation, is at present a matter 
of speculation only. One might assume that there is some funda- 
mental color-substance (C) upon which various color-enzymes act 
to produce, one black, another red, another buff, etc. Black pig- 
mentation for instance, might be regarded as the result of a color 
enz3rme (N, nigrum) acting upon the general color factor C.f Thus, 
without knowing what factors for pigmentation actually are, it 
serves our present purpose to assume that one or more factors are 
necessary for the production of black pigmentation and that the 
inhibitor, I, through its action upon one or all of them, is able to 
repress such pigmentation, not only in the White Leghorn itself 
(provided the factor, or factors, concerned could otherwise determine 
black pigmentation), but also in Fi in crosses between the White 
Leghorn and other breeds characterized by black plmnage. 

One other character which is possessed by the White Leghorn and 
which affects the results of crossing in F2, must be mentioned. This is 
the barred plumage pattern which, as the writer has already shown, t is 
commonly latent in the White Leghorn stock. The White Leghorn cf 
used in the cross about to be described was homozygous for this 
character (BB) while the White Plymouth Rock 9 9 were heterozy- 
gous (Bb). In accordance with results of studies on barring, carried 

*CoLB, L. J.. Studies on inheritance in pigeons: I. Hereditary relations of the principal colors, 
R.I.A8r. Ezpt. SU. Bui. 158.1914. 

tDATnrpOBT, C. B., Inheritance of characters in the domestic fowl, Publ. No. 52, Carnegie Inst., 
Washington, 1906. 

^Studies on inheritance in poultry.: I. The constitution of the White Leghorn breed, Rhode 
Island Agr. Expt. Sta. Bui. 155, pp. 161-216. 
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on by a number of investigators, it can now be assumed safely that 
the factor for barring is inherited in a sex-limited manner; that is, 
the character can be transmitted by the males to both male and female 
progeny, but the barred females are unable to transmit the pattern 
to their daughters. 

Upon the basis of the assumptions mentioned above, and assuming 
furthermore, that the factor C embodies all that is necessary (in the 
absence of I) for black pigmentation, the zygotic formula of the White 
Leghorn d* may be written 

028^2X2 
and that of the White Leghorn 9 as 

C2BbFfl2. 

On similar groimds the White Pl3rmouth Rock c?*, lacking all 
pigmentation factors, would be 

C2B2f2i2 

and the White Plymouth Rock 9 

C2BbFfi2. 

In case, however, we make the supposition that two distinct 
factors are required for black pigmentation, and that only one of 
these (X) is present in the White Leghorn, while the White Plymouth 
Rock contains the other (Y), the formula of the White Leghorn cf 
becomes 

B2f2l2X2y2 

and the White Leghorn 9 

BbFfl2X2y2. 

In a similar manner the White Plymouth Rock c? would be 
represented 

B2f 212X2^2 

and the White Plymouth Rock 9 as 

BbFfi2X2Y2. 

The point at issue therefore is this: Which zygotic formula for 
the White Leghorn cf (C2B2f2l2 or B2f2l2X2y2), and which formula 
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for the White Plymouth Rock 9 9 (cjBbFfit or BbFfijX2Y,) furnishes 
the better interpretation for the experimental results now to be 
reported. 

Experimental Results^ 

In the breeding season of 1912 White Leghorn cf, lA, was mated 
with White Plymouth Rock 9 9, 270A and 288A. From this 
mating 63 chicks were hatched and the majority of them raised to 
the age of five or six months. Of the 63 Fi birds, five showed imper- 
fect barring in one or more feathers; many possessed feathers sUghtly 
flecked with black, indicating that the inhibitor I was not able, when 
in heterozygous condition, to hold in check all black pigmentation. 

In the breeding season of 1913, an Fic?*, 466C, was mated with 
four of his sisters, 466E, J, M and P. The male was a nearly pure 
white bird. Of the females, 466E, J and P were pure white, although 
as a chick 466 J showed patches of black down feathers; 466M put 
up one barred feather among the right secondary coverts. 

This mating gave rise to 103 chicks. The majority were reared to 
the age of five or six months, and some to maturity. Among the 103 
birds were 21 which were either dark colored or possessed the barred 
pattern; in the majority of these the barring was of poor grade, but 
in a few it was fair. 

In the breeding season of 1914, a brother of the male employed 
in 1913 (466 A) was mated with the three females that remained, 
466J, M and P. From this mating, 64 birds were hatched and 
described. Observations showed that 52 were white and 12 barred 
or dark colored. 

Discussion of Results^ 

If the W. L. cf has the zygotic constitution C2B2f2l2 as indicated on 
a previous page, it forms gametes 

CBfl . CBfl 
while the W. P. R. 9 , C2BbFfi2, forms gametes 

cBfi . cbFi. 
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The mating would therefore be represented: 

d' CBfl . CBfl X 
9 cBfi . cbFi = 



9 9 CcBbPfli, white 
cT cT CcBAIi, white. 
In obtaining F2, the Fi cross-bred male possessing the formula 
CcB2f2li would form gametes of four sorts as follows: 

CBfl . CBfi . cBfl . cBfi 
while the female cross-bred, possessing the formula CcBbFfli would 
form gametes of eight sorts: 

CBfl . CBfi . cBfl . cBfi 
CbFI . CbFi . cbFI . cbFi 
The mating would therefore be represented 

9 CBn . CBfi . cBfl . cBfi . CbFI . CbFi . cbFI . cbFi X 
c? CBfl . CBfi . cBfl . cBfi = 



CjBbFfIa (1), white 
CaBbFfli (2), white 
CcBbFflj (2), white 
CcBbFfli (4), white 
9 9 C2BbFfl2 (1), white 
cJBbFfli (2), white 
C2BbFfi2 (1), white 
C2BbFfi2 (1), barred 
CcBbFfi2 (2), barred 
This may be summarized: 



C2B2f2l2 (1), white 
CjBjfjIi (2), white 
CcB2f2li (2), white 
CcB2f2li (4), white 
cfd* C2B2f2l2 (1), white 
C2B2f2li (2), white 
C2B2f2i2 (1), white 
C2B2f2i2 (1), barred 
CcB2f2i2 (2), barred 



Character. 


cf 


9 


Total. 


White 


13 
3 


13 
3 


26 


Barred 


6 








Total . . 


16 


16 


32 
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It is thus apparent that among every 32 F2 individuals, one would 
expect to obtain six barred birds, equally divided between the sexes. 
The results of the 1913 breeding season may now be compared with 
the expectations as follows: 



Character. 


Actual. 


Expected. 


Barred or dark* 


21 

82 


19.4 


White 


83.6 








Totals 


103 


103.0 



It is apparent that there is close accordance between the expected 
results and those actually obtained in the 1913 breeding pens. We 
may, however, consider the second series of matings made in the season 
of 1914. 





Character. 


Actual. 


Expected. 


Barrwl or d^-rk , . 




12 
52 


12 


White 


52 








Totals 


64 


64 



In these data, the experimental and the theoretical results find 
absolute agreement. It was a matter of chance that exactly 64 birds 
were raised in the 1914 series. 

We may now consider the second possible interpretation of the 
experimental data. By this hypothesis, it is assumed that the W. L. 
<? contains factor X and the W. P. R. 9 contains factor Y, both X 
and Y being required for the manifestation of black. In accordance 
with this view the W. L. cf* would possess the formula 

B2f2l2X2y2 

*When the ohioks are young, the barred individaaU are invariably dark, and without evident 
pattern. 
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forming gametes 

BfIXy . BfIXy 

while the W. P. R. 9 would be 

BbFfi^Y, 
forming gametes 

BfixY . bFixY 

The mating would then be represented 
d" BnXy . BfIXy X 
9 BfixY . bFixY = 



c^cfBjfJiXxYy, white 
9 9 BbFf liXxYy, white 

In the production of Ft the Fi white crosa-bred male, BtfJlXxYy, 
would form gametes of eight sorts : 

BfIXY . Bfixy . BfIXy . BfixY 
BfIxy . BfiXY . BfIxY . BfiXy 

while the Fi white cross-bred female, BbFfliXxYy, would form 

gametes of 16 sorts: 

BfIXY . Bfixy . bFIXY . bFixy 
BfIXy . BfixY . bFIXy . bFixY 
BfIxY . BfiXY . bFIxY . bFiXY 
BfIxy . BfiXy . bFIxy . bFiXy 

This mating would give 128 individuals possessing 27 different 
zygotic constitutions as follows: 

99 cf'd' 

BbFfltXjY, (1), white BAI»X,Y, (1), white 

BbFfliXxYy (8), white BrfJiXxYy (8), white 

BbFfljXsYy (2), white B,f J,X,Yy (2), white 

BbFfliXxY, (4), white BrfJiXxY, (4), white 

BbFfljXxYy (4), white BjfJjXxYy (4), white 

BbFfliXsY, (2), white Brf JiX,Y, (2), white 

BbFfltXxY, (2), white BAI,XxY, (2), white 

BbFfliXjYy (4), white BrfJiXjYy (4), white 
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BbFfliXxyj (4), white 
BbFfljXayi (1), white 
BbFn,Xxy2 (2), white 
BbFfliXjyj (2), white 
BbFflixjYy (4), white 
BbFflixiY, (2), white 
BbFnjX2Yy (2), white 
BbFflaXjY, (1), white 
BbFflixayj (2), white 
BbFfljXjy, (1), white 
BbFfi2Xjy2 (1), white 
BbFfi2X2Yy (2), white 
BbFfi2X2y2 (1), white 
BbFfiaXxyj (2), white 
BbFfijXaY, (X), white 
BbFfijXxYy (4), baxred 
BbFfijXxYj (2), barred 
BbFfijXjYj (1), barred 
BbFfijXjYy (2), barred 



B2f2liXxy2 (4), white 
B2f2l2X2y2 (1), white 
B2f2l2Xxy2 (2), white 
B2f2liX2y2 (2), white 
B2f2lbc2Yy (4), white 
B2f2lix2Y2 (2), white 
B2f2l2X2Yy (2), white 
B2f2l2X2Y2 (1), white 
B2f2lbc2y2 (2), white 
B2f2l2X2y2 (1), white 
B2f2i2X2y2 (1), white 
B2f2i2X2Yy (2), white 
B2f2i2X2y2 (1), white 
B2f2i2Xxy2 (2), white 
B2f2i2X2Y2 (1), white 
B2f2i2XxYy (4)", barred 
B,f2i2XxY2 (2), barred 
B2f2i2X2Y2 (1), barred 
B2f2i2X2Yy (2), barred 



From this analysis it is apparent that among every 128 individuals 
18 would be barred and 110 white, both the barred and the white 
birds being equally divided between the sexes as follows: 




WTiite 

Barred or dark . 



Total. 



55 


55 


110 


9 


9 


18 


1 64 


64 


128 



It is thus apparent that, among every 128 individuals, one would 
expect to find 18 barred birds, equally divided between the sexes. 
The actual results of the 1913 matings may now be compared with 
these expectations, derived in accordance with the second hjrpothesis. 
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Character. 



Actual. I Expected. 



Barred or dark 


21 

82 


14.5 


White 


88.5 






Totals 


103 


103.0 









From this tabulation it is clear that there is a wide departure between 
the actual and the expected results. And when the 1914 data are 
compared with the expectations derived from this hypothesis, the 
departure is still more noticeable, since, in the case of the first 
hypothesis, there was perfect agreement. 

The experimental results for 1913 and 1914 may now be brought 
together and the data compared with the expected results obtained 
from both hypotheses. 



REi»ui;rs. 


1013 Matinos. 


1014 MATiNoa. 


1013-1014 MATDiaa. 




White. 


Dark. 


Total. 


White. 


Dark. 


Total. 


White. 


Dark. 


TotaL 


Actual 


82.0 
83.6 
88.5 


21.0 
19.4 
14.5 


103 
103 
103 


52 
52 
55 


12 

12 

9 


64 
64 
64 


134.0 
135.8 
143.6 


33.0 
31.2 
23.4 


167 


Expected, first hy- 
pothesis 


167 


Expected, second hy- 
pothesis 


167 



From these data it is apparent that the number of dark colored 
birds actually obtained in the experimental matings of both 1913 and 
1914 exceeded the number called for, on the basis of the first hypothe- 
sis by only 1.8, while it exceeded by 9.6 the number called for on 
the basis of the second hypothesis. It is thus conclusively demon- 
strated that the first hypothesis best explains the phenomena observed. 
In other words, the White Leghorn carries in itself all the factors 
necessary for the production of black pigmentation in the Fi and later 
generations of crosses with any non-black race. 
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In thus demonstrating the constitution of the White Leghorn with 
reference to factors for black pigmentation these results possess a 
significance in the field of practical breeding. It is not uncommon 
for poultrjniien to employ the White Leghorn in crosses with other 
breeds to improve certain characters. In so doing it is usually 
assumed that since the White Leghorn is ostensibly white, and 
lacking visible pattern, the admixture of Leghorn blood can be made 
without introducing complexities in either pattern or color. The 
results of the present study, as well as the experience of many poultry- 
men, indicate clearly that such a procedure is open to considerable 
danger if the breeder desires to foster race-purity in his stock. The 
fact that the White Leghorn carries both black pigmentation and 
factors for barred plumage pattern means that in F2 and later gener- 
ations these characters may appear to the detriment of the breed. 
Black, which through years of persevering selection has perhaps 
been eliminated from buff, may be unconsciously re-introduced 
under the cloak of the Leghorn dominant white. Dark barrings 
and cuckoo markings, from which a race may have been quite purified, 
may re-enter under the apparently patternless feathering of this breed. 
To know the constitution of the race, to know the factors that lie 
hidden in the germ plasm, as well as those characters that are on 
parade, enable the intelligent poultryman to make use of desirable 
characters to the best advantage; and at the same time, to avoid 
those errors in breeding which result from insufficient knowledge 
of the fundamental constitution of the race involved. 
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Description of Plate I« 



Figure 1, White Leghorn male, 23 A. 

Figure 2. White Plymouth Rock female. 

Figure 3. Fi male from W. L. X W. P. R. cross. 

Figure 4. Type of barred bird obtained in Fj from W. L. X W. P. R. cross. 
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SEX RATIOS IN PIGEONS, TOGETHER WITH 
OBSERVATIONS ON THE LAYING, INCUBA- 
TION AND HATCHING OF THE EGGS.* 



BY LEON J. COLE AND WILLIAM P. KIRKPATRICK. 



Introdtiction. 

The resiilts presented in the present paper have been obtained 
in the course of studies on inheritance in pigeons, two reports on 
which have already appeared (Cole, 1914; Lloyd-Jones, 1915). As 
in the first of these, the data in the present instance have resulted 
from experiments begun at the Rhode Island Agricultural Experiment 
Station in 1907, and continued by the senior author at the Wisconsin 
Elxperiment Station since the simuner of 1910. It is only fair to 
state that the junior authorf had practically full charge of keeping 
the field notes and taking records up to July, 1910, though the senior 
author made practically all the descriptions and determinations of sex. 
All sex determinations are based on the performance of birds which 
have actually bred, or on dissections. In no case has sex been 
recorded from the behavior of yoimg birds, unless so verified later. 

•Contributioii 215 from the Agricultural Experiment Station of the Rhode Island State College. 
Papers from the Department of Experimental Breeding of the Wlsconain Agricultural Experiment 
Station, No. 6. 

tNow Professor of Poultry Husbandry, Connecticut Agricultural College, Storrs, Conn. 
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Since July, 1910, the birds have been more constantly under the 
observation and care of the senior author, but acknowledgment should 
be made to Mr. J. C. Curtis and Mr. F. J. Kelley who have at different 
times assimied a large part of the responsibility for the daily records. 
Upon the senior author also has devolved the entire writing of the 
present report. 

The subjects here brought together are somewhat disconnected, 
but for various reasons it seems best to present such data as are 
available upon them at the present time. The sex ratio in pigeons, 
and the relation of sex to the order of laying of the eggs are of especial 
interest because of the prevailing popular notions on the matter, and 
the fact that these ideas, if true, would be very difficult to explain 
on the basis of our present knowledge of sex determination and the 
physiology of egg production in general. As for the time of laying 
and the time of hatching of the eggs, no statistics we believe have 
ever been published on these points, though general statements 
are common in the literature. Our knowledge of the maturation 
process and the earliest stages of avian embryology are, moreover, 
based very largely on studies made on the egg of the pigeon, and all 
accurate information which can be obtained on processes of egg pro- 
duction may be of service in this connection. A knowledge of the 
most probable time of laying of the second egg may especiaUy be of 
use in obtaining desired maturation stages. Finally, although 
the results of the present investigation are largely destructive of the 
popular notions of sex determination and sex control in pigeons, it 
is always an advantage for the practical breeder to know the facts, 
since a knowledge of them may save him much time and effort along 
fruitless lines. 

Investigation on certain of the subjects discussed in this paper 
is being continued by the Department of Experimental Breeding at 
the University of Wisconsin, and will subsequently be reported more 
fuUy. 
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Sex Ratio in Pigeons* 

Hyperandryj or an excess of males, among pigeons has often been 
noted, and is occasionally mentioned in current articles on pigeons. 
It appears to be a matter of common belief among pigeon raisers, in 
fact, that the males exceed the females in nmnber, and we find the 
same fact mentioned by Darwin (1875, p. 247), who says: "In 
regard to domestic pigeons there is good evidence either that the 
males are produced in excess, or that they live longer; for these 
birds invariably pair, and single males, as Mr. Tegetmeier informs 
me, can always be purchased cheaper than females. V Darwin sub-- 
mits no definite figures, however, in support of his conclusion. We 
have, moreover, been unable to find any published figures on the 
sex ratio of pigeons, except those by Cu^not (1900), who reported on 
136 pigeons whose sex was determined soon after hatching. He 
found 73 males to 63 females, or a ratio of 115.87 to 100, which would 
mean a relatively pronounced over-production of males. 

The proportion of males per 100 females found by Cu6not is 
considerably higher than we have obtained. Our results for birds 
of all ages, tabulated to December 24, 1910, were 292 males to 278 
females, a ratio of 105.03 to 100. A later tabulation of all sexes 
determined to July 18, 1914, including the above, gives 845 males to 
803 females. This ratio (105.23 to 100) is practically the same as 
that obtained at the earlier date and since the correspondence is 
so close, and the numbers are fairly large, it may be assimied 
that 105:100 represents closely the regular proportion of the sexes 
iii the pigeons we have used.* While these are mostly what are 
known in this coimtry as Long-faced Tumblersf (both Clean 
Legged and Muffed), our stock has been derived from various sources 
and includes also some Parlor Tumbler stock. In addition there are 



*A stall later tabulation waa made to December 1, 1914, which added 74 males and 78 females 
to the list, bringing the total number of known sexes up to exactly 1 ,800; of these, 019 were males and 
881 females, or 104.31 : 100. This slight lowering of the ratio is probably not enough to affect 
significantly the statement made above. 

IThey correspond in type to the "Mittelschn&blige" rather than to the "Langschnftblige 
Tttmmler" of the Germans (cf., for example, the illustrations in Schnachtsabel, 1906). 
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included some, though comparatively few, records of other breeds, 
especially Homers, which have been used only to a limited extent 
in our studies. Considering the diversity of origin of the Tumbler 
stock and the other inclusions it seems quite probable that the ratio 
of 105 males to 100 females may be taken as the sex ratio for domestic 
pigeons generally. 

Although the sexes have been determined at different ages in 
different birds, the combined figures give the sex ratio of all birds 
hatched whose sex has been determined. There are included, it is 
true, 81 birds that had not succeeded in emerging completely from the 
shell at time of death, but whose sex was nevertheless determined. 
They were therefore recorded technically as "dead in shell," rather 
than "hatched;" but for reasons which will appear it has seemed 
inadvisable to separate these birds from those which died within the 
first few days after hatching. Of these birds "dead in shell," 44 
were males and 37 females; their exclusion would give a slightly 
lower ratio of males actually hatched, but the change would probably 
not be significant. 

Is there a DifFerential Mortality ? 

Darwin suggested two explanations for the apparent preponderance 
of males among adult pigeons; first, that males are produced in 
greater numbers; second that they live longer, or in other words, that 
there is a higher relative mortality among the females in early life.* 
The data here presented seem to show fairly conclusively that his 
first supposition is correct, that there is a slightly greater production 
of males; but it is doubtful if this excess is great enough to be noticed 
ordinarily and to account for the prevailiDg impression. As to a 
possible differential mortality, Darwin (1875, p. 247) states, on the 
authority of Mr. Harrison Weir, that when the nestlings are of 
opposite sexes, "the hen is generally the weaker of the two, and more 

•Aristotle (1910, 613* 24 — ^29) says of ring-doves and turtle-doves, "The male, as a general rule. 
is more long-lived than the female; but in the case of pigeons some assert that the male dies before 
the female, taking their inference from the statements of persons who keep decoy-birdB in captivity." 
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liable to perish." Cu6not (1899, p. 491) is the only author we have 
found who gives any actual data on this point. He states that while 
there may be some truth in the assertion it certainly is not general, 
for he examined two young pigeons which were less vigorous than 
their mates, and which the breeder assured him for that reason were 
females; in reality one was a female, but the other was a male. In 
another case he dissected two squabs from the same nest, one of which 
was very vigorous and should have been a male, the other was less 
developed, and therefore should have been a female; but this time 
both were females. 

On this point we have 60 cases to report. These records were 
made at Wisconsin by Mr. F. J. Kelley, who has kindly tabulated 
them for us. They show the relation of sex to the relative size of the 
two squabs at the time of banding, which means at the age of 10 to 
15 days. The cases recorded include only those in which there was a 
fairly well-marked difference in size, and in which the squabs had 
remained in the same nest and under the same conditions so far as 
could be told. The data may be summarized as follows : 

Larger squab cT, smaller squab 9 23 cases. 

cf 4 cases. 

c? 13 cases. 

9 16 cases. * 

cf 2 cases. 

9 1 case. 

Unknown. ... 1 case. 

Total sexes— large squab = 36 cf cf : 21 99 
small squab = 19 cf cf : 40 9 9 





9, 




<?, 




9, 




Unknown 




(( 




Q 



55 c?cf 



61 99 



These data certainly seem to lend considerable support to the 
idea that the larger squabs are in a significant majority of the cases 
males. A consideration of cases in which one squab died before 
banding shows less striking results. The argument in this case 
would be that the female squabs are smaller and less vigorous, more 
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of them would die than of males, and therefore there would be a 
correspondmgly higher percentage of males at the time of banding. 
In the following pages these points are examined critically on the 
basis of a larger number of data, other age limits being used, however, 
than age at banding. Data to support this contention are furnished, 
and we have therefore examined our records with a view to deter- 
mining its validity. 

From our records to December 1, 1914, the age at time of death of 
1,227 birds not including those killed can be determined, and for 
convenience these have been divided into four groups, one of which 
seems to have a natural basis, whereas the limits of the other three 
are more or less artificial. These may be defined as follows: 

Group A. Hatching period. Embryos which were fully devel- 
oped but which failed to hatch ("dead in shell") and birds which 
died within five days after hatching. 

Group B. Nestling period. Squabs dying at from 6 to 28 days, 
inclusive. 

Group C. Immature or juvenile period. Squabs living over 28 
days, but dying before six months of age. 

Group D. AduU period. All birds living to the age of six months 
or more. 
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Fxo. 1. Number of squabs dying at each day of age up to fifty days. D. i. s., dead in shell ' 
O, day of batching; 1, one day old; etc. 



In Figure 1 is represented the number of birds dying at each 
age, at one day intervals, up to 50 days. In the "dead in shell" 
column only those embryos are included whose sex was determined. 
The number of fertile eggs which failed for one reason or another 
to hatch was, of course, very much larger. 

Since records are systematically taken once daily, the recorded 
age at death is usually correct within that period; in a comparatively 
small number of cases a bird may have been dead for a somewhat 
longer period before discovered, and there are included records of 
some birds w:hich were killed because so sick it was evident they would 
not recover and that death would probably have intervened within 
a short time. These slight inaccuracies tend to offset one another, 
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and are of little or no consequence so far as the general results are 
concerned. 

It has been found inexpedient to attempt any classification on the 
basis of the cause of death, since in so many cases this could not be 
determined and has not been uniformly recorded. Death may result 
from a great variety of causes, among which perhaps the most 
important are lack of constitutional vigor, neglect by the parents 
(especially during cold weather), specific infections, and accidents, 
especially those resulting from the fighting and interference of adult 
birds. 

Figure 1 shows a high incidence of deaths at time of hatching 
which rapidly declines to a minimum on the fifth day, after which 
there is a correspondingly rapid rise to a marked mode from the tenth 
to fifteenth days. The first two or three days and the tenth to 
fifteenth days after hatching appear, therefore, to be the most 
critical periods in the life of the young squabs. The minor irregular- 
ities probably have little meaning, and in most cases no explanation 
is apparent, as for example, the much greater number of deaths on 
the eleventh day than on the twelfth. On the other hand the greater 
height of column 1 over the column is probably due to the fact that 
many squabs living only a few hours after hatching are really not 
recorded as dead until the following day. There can be no doubt, 
however, that the marked depression in the death rate at the fifth 
and sixth days is of significance, and this point has therefore been 
chosen as the limit between the deaths at hatching and inunediately 
following, and those grouped around the age of about two weeks. 
From this time the number of deaths drops off again rapidly, and the 
curve then swings out gradually to about 50 days, after which there 
is a steady but slight decrease in the number of deaths per month for 
the full period of nearly six and one-half years since the first squabs 
were produced in our experimental work. It must be borne in mind, 
however, that this gradual decrease in the number of deaths recorded 
does not necessarily imply a decreasing death rate, in faot probably 
the reverse is true. The death rate at any age should be based on the 
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number of deaths in proportion to the total number of individuals of 
that age, and this number rapidly decreases in our flock with advanced 
age as the birds die off, are killed, or are otherwise disposed of. Since 
therefore it would be very difflcult or practically impossible for us 
to calculate the total population and age composition of our flock 
for the period under discussion, it is impossible to give any curve which 
represents accurately the death rate in our pigeons. 

The point of interest which appears from the statistics (see Fig. 1) 
presented is that no such definite demarkations exist for separating 
Groups B, C and D from one another as marks Group A off from 
Group B. These groups were in fact established before the tabulation 
of deaths was made, on the basis of the life cycle of the birds. Twenty- 
eight days was taken as marking approximately the termination of 
the nestling stage, since at that age most squabs have left the nest. 
Six months was chosen arbitrarily for the beginning of the adult 
stage as representing approximately the average age at which pigeons 
are sexually mature and may begin breeding if conditions are favor- 
able. It is true that a few early hatched birds may breed the same 
season, but the great majority do not begin until the following year. 

With the above classification as a basis we may now examine the 
question of a differential mortality. In order to test the statement 
quoted from Darwin (p. 465) tabulations have been made of cases 
in which the two nestlings were known to be of opposite sex and one 
or both died before reaching adult life (period D). A total of 172 
such cases is recorded: in 88 of these the male died first and was 
survived for a longer or shorter period by his female nestmate; in 
84 cases the female died first and was survived by the male. Since 
these figures relate only to bisexual broods, the number of males and 
females hatched was equal, namely, 172 of each.* The excess of 
four male deaths over the female deaths is so slight as probably not 
to be significant, so we may say that the death rate for the two sexes 
was also essentially equal. 

*The ezoeM of males hatched (in the ratio of 105 : 100; cf . p. 465) must be accounted for by an 
ezeeM of male unisezual broods, or by a greater number of males among broods containing but a 
single squab. 
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In more than half the cases enumerated above, the survivmg 
member of each pair of squabs failed to reach maturity; since both 
therefore died before six months of age, they in no way influenced the 
sex proportions in Group D. Summarizing those cases in which one 
member of the bisexual pair of nestlings died before six months and 
the other exceeded that period we find a total of 68 examples, — ^31 in 
which the male died and the female survived, 37 in which the female 
died and the male attained the adult stage. While the number of 
female deaths in Groups A, B and C is here somewhat laiger, it should 
be borne in mind that the number of cases is relatively small, and 
that we are dealing only with bisexual bloods which happened to meet 
these conditions. So far as the above figures go, therefore, they seem 
to show that there is no marked tendency for one sex to be weaker than 
the other in bisexual broods, and there is only slight indication that 
male survivors may exceed female survivors in reaching the adult 
stage as here defined. 



Table I. — Composition of poptdaiion and number of deaths vnth respect to sex in the 

diferent age periods. 



Age period. 




Population. 


Deaths. 


Per cent, of 
populaticQ 
which died. 


Ratio of 
C? deaths 
to 100 9 

deaths. 




cfcT 


5 9 jc?cf:ioo9 9 


dd 


99 


cfc? 


99 


A 

B...... 

C 

D 


806 
751 
523 

388 


810 
696 
503 
361 


106.9 
107.9 
105.0 
107.5 


115 
228 
135 

388* 


114 
193 
142 
361* 


13.3 

30.4 

25.8 

100.0 


14.1 

27.7 

28.2 

100.0 


1009 

118.1 

95.1 

107.5 



The distribution of deaths with respect to age and sex (using 
the age-groups which have been defined) is shown in Table I, the 

*This does not mean that all these birds were yet dead at the tame of tabulation, but when their 
death occurs it will of course be in this period. 
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age p>eriod at time of death being known for 1,676 birds* whose sex 
was determined as well. Of these 1,676 pigeons, 866 were males 
and 810 were females, the ratio being 106.9 : 100. While this 
ratio is slightly higher than that (105 : 100) which has been taken 
as normal, the difference is not great enough to be of much significance, 
and for present purposes we only therefore consider the changes in 
a population assumed to consist at hatching of 866 males and 810 
females, all other birds being left out of consideration for the time 
being. In Period A, that is, within five days of hatching, 115, or 
13.3% of the original number of males died, and 114, or 14.1% of the 
females. The number of deaths of each sex is almost equal (100.9 : 
100), there being one more male death than female, but the percentage 
of female deaths is slightly greater. 

Subtracting the deaths in Period A leaves the population in Period 
B composed of 751 males and 696 females, or 107.9 : 100, a 
slightly higher proportion of males than before. In this period the 
number of male deaths considerably exceeds the female deaths, there 
being 228 of the former and 193 of the latter (118.1 : 100). The 
proportion of the males which died in Period B is 30.4%; of the 
females, 27.7%. The distinctly higher death rate of males in the 
nestling period is reflected in the composition of the juvenile popula- 
tion (523 males, 503 females), where the proportion of males 
(105 : 100) is lower than at the start. Period C is the only one in 
which the actual number of female deaths exceeds the male deaths, 
and the only one in which the percentage of female deaths is in excess 
to any appreciable degree. The ratio of male to female deaths is 
95.1 : 100; expressed in percents, 25.8% of the males composing 
the popidation died, 28.2% of the females. Allowing now for all 
previous deaths we find that the adult population (Period D), consist- 
ing of 749 birds, comprises 388 males and 361 females, or only a 
slightly, and probably insignificantly higher ratio of males (107.5 : 
100) than that with which we started. 

*In addition to the 1,227 birds mentioned on page 468 there are here included those birds which 
were killed after they were six months of age, and birds over six months of age alive on December 1 , 
1914, whose sex had been determined by their breeding behavior. It is certain, therefore, that all 
these belonged to Group C. 
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A review of the proportion of males to females in the different 
age periods displays surprisingly little fluctuation, it never being 
greater than 107.9 nor less than 105. Certainly these differences are 
not great enough to account for the prevailing impression of the 
higher mortality of females in the earlier stages, and do not furnish 
any substantiation of such a notion. 

There still remains the possibility of a difference in the death rate 
of the two sexes after reaching what we have called adult life, and this 
will be examined next. This group, it will be recalled, includes 749 
birds which attained the age of six months or more. Of these 125 
died from "natural" causes, 391 were alive on December 1, 1914, and 
233 were killed, sold, or otherwise disposed of at periods presumably 
shorter than would have been their natural space of life. Table II 
summarizes the data for the first two classes — ^those which died 
natural deaths and those which were alive at the time of compilation. 
These two classes together represent a total of 516 birds, the females 
being considerably in excess. The numbers are, 244 males and 272 
females. For purposes of tabulation they have been divided into 
periods of 1 year, except the first group, which is only a swHnonth 
period, including birds between six months and one year of age. 
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Perhaps the most striking fact noticeable in this table is that from 
the age of six months to three years the number of females which died 
is strikingly in excess of the males. To a less extent the same is 
true (except in the six-month group)* of the number of females alive 
on Decembei 1, 1914, as compared with the males. Beyond this 
age the numbers dead are so small that they have little meaning; it. 
will be observed, however, that in the case of the birds alive at ages 
above three years the earlier condition is reversed, there being more 
males than females alive at each age above three years. The total 
niunber of female deaths in the adult period is greatly in excess of 
the male deaths, there being 78 of the former recorded and only 47 of 
the latter. By far the greater number of these occurred under the 
age of two years. At the bottom of the table the number of deaths 
for each sex is given as a percentage of the total niunber of birds which 
reached that age, the sexes again being considered separately. These 
show that the highest percentage of the females died between the 
ages of one and two years, and in each group up to three years the 
percentage of females which died is considerably greater than of 
males; beyond this point the figures are scarcely significant. 

Considering the birds alive, it will be seen that there are somewhat 
more one-and two-year-old females than males; but of the older ages 
the males are always in excess, so that the total number of males 
slightly exceeds the females, being 197 as against 194, a ratio (101.6: 
100) distinctly lower than the normal ratio at hatching. 

Summarizing the results of Table II, they seem to show that there 
is a high mortality of both sexes during the first two or three years of 
their adult life, but that it is especially high in the females between 
the ages of one and two years. The difference between the percentage 
of female and male deaths is considerably greater at this age than at 
any other and it seems not unlikely that this may be associated with 
trouble connected with the onset of ovulation. Th is greater mortality 
of females in the early adult ages, together with the somewhat 

*Liviiig birds hatched before June in 1914, and consequently oyer six months old on December 1, 
are not included, since their sexes are undetermined. The one male less than one year old at thii 
date was hatched in December. 1913. 
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greater niunber of males hatched, may account for the prevailing 
impression of the considerably greater proportion of males among adult 
pigeons. It may be recalled, however, that in the total number of 
pigeons reaching adult age (Period D; see Table I) there was a 
prex)onderance of males even beyond that at hatching and it is 
natural to ask what has become of these. If we turn to the 233 birds 
''killed, sold or otherwise disposed of" after reaching six months of 
age we obtain considerable light on this point, for only 89 of them were 
females and 144 were males. In other words, we have practically 
equalized the effects of the greater mortality of females by a selection 
favoring males in eliminating birds from the flock. 

There seems then to be real substantiation for the idea that male 
pigeons are commonly in actual excess in adult populations. The 
impression of an excess of males may, moreover, be accentuated 
by certain facts in their behavior. The male birds display their 
sexual characteristics, as a rule, at a considerably yoimger age than 
do the females. Sexual behavior is, however, far from an invariable 
criterion of sex in young birds; while it presents itself in a positive 
way in many young cocks — by cooing, strutting and fighting — it 
is largely negative in the hens and in the less aggressive or backward 
cocks. As a consequence the breeder soon comes to recognize 
a considerable number of his young males, while the remainder of the 
young stock remains as an imdetermined residuum. The males are 
thus more conspicuous, and in this way an impression may be gained 
of a larger proportion of them than actually exists. 

It should be emphasized again in this connection that the data 
here presented pertain only to our own flock. It is possible that 
different results may obtain imder different conditions. We believe, 
however, that our conditions are fairly representative in most respects, 
and that the conclusion here reached may be capable of general 
application. 
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The Ratio of Bisexual to Unisexual Broods and the Rela- 
tion of Sex to the Order of Laying of the Eggs* 

Domestic pigeons ordinarily lay two eggs at each nesting, and it 
is another prevalent notion among pigeon breeders that these alwaj?, 
or at least in a majority of instances, give rise to a pair of squabs, 
that is, to one of each sex. Furthermore, it is commonly maintained 
that the first egg of the two laid produces a male, while a female b 
hatched from the second egg of the clutch. This belief is not only 
firmly established now, but goes far back into antiquity, for Aristotle 
(1910, 562 ) has the following to say on the subject. "Birds of the 
pigeon kind, such as the ring-<iove and the turtle-dove, lay two eggs 
at a time; that is to say, they do as a general rule, and they never 
lay more than three. " "The hen-pigeon, as has been said, occasion- 
ally lays three eggs, but it never rears more than two chicks, and some- 
times rears only one; and the odd one is always a wind-egg. "* " The 
pigeon, as a rule, lays a male egg and a female egg, and generally la^-s 
the male egg first; after laying it allows a day's interval to ensue and 
then lays the second egg. " 

A point as interesting as this could scarcely be expected to escape 
Darwin, and indeed in connection with his statements previously 
referred to (Darwin, 1875, p. 247) he has the following to say on this 
matter: "Usually the two birds reared from the two eggs laid io 
the same nest are a male and a female; but Mr. Harrison Weir, who 
has been so large a breeder, says that he has oft^n bred two cocks 
from the same nest, and seldom two hens." Little serious attention 
appears to have been given to settling the matter, however, until it 
was taken up by Cu^not. This author first gives the subject con- 
siderable attention in a general paper on the determination of sex 
in animals (Cu^not, 1899) and reviews the literature up to his time. 
Most of his references have been inaccessible to us, but for the sake 
of completeness we include a smnmar>'' of the observations and the 
citations to the original sources as given by him. 

*The term "wind-«gg" was formerly applied loosely to any imperfect, soft-shelled, unimpregnated 
or addled egg; its use is now obsolete. 
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FloureDS (1864), in eleven broods foui^d in each case a male and 
a female; Bailly-Maitre, cited by Giard (1897), while admitting that 
each clutch generally gives a male and a female, reports a pair of 
common Mondains which three times in succession gave two males in 
each brood; neither did De Brisay, also cited by Giard (1897), admit 
this as a general rule, for he had a pair of ''Pigeons satin" which in 
six years produced some half-hundred young, of which only two 
were females, and a pair of "Colombes diamant,'' which of 13 young 
produced a large majority of females. Similarly, Thauzite, a breeder 
of homing pigeons, cited by H. De Varigny (1898), considers it rather 
rare that the two young are of different sexes, and reports that in 7 
nestings two males were obtained 5 times, two females once, and a 
male and a female only once; one pair of birds produced nothing but 
males during three consecutive years. Remy Saint-Loup (1898), 
raised two Ring-doves* captured in the same nest and both proved 
to be males. 

Cu^not's own observations at that time were not extensive; he 
reports having examined 9 broods,t after assuring himself with great 
care that the two eggs came from the same mother, and of these he 
found that 2 gave both males, 2 gave both females, and in 5 cases there 
was a male and a female. Cu^not concludes that while it is certain that 
the young from the two eggs laid at a time by a pigeon are frequently 
< a male and a female, it is no less certain that they are often of the 
same sex; in view of the conflicting data he suggests that the pro- 
portion of bisexual and unisexual broods may vary in the different 
races and sub-races of pigeons. 

As to the order of the sexes in the bisexual broods, Cu^not states 
that Flourens (1864), reported the first-laid a male in each of the 
eleven cases examined by him. Cu^not himself presents the results 
of three observations, in each of which also he found the squab from 
the first egg was a male, while that from the second was a female; 
he was unable, however, to note any constant relation of sex to the 
weight or shape of the egg. 

*Pre8Uinably Columba palwnbua; not Turtur (Streptopelia) riaori\iS. 

tCu6not says he examined " 8 pontes" bivt they sum up to 9, as indicated above. 
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In a later paper Cu^not (1900), presents much fuller data. He 
reports 65 broods of homing pigeons in all of which he made certain 
that both eggs were from the same female. The results were: 17 
broods, both males; 14 broods, both females; 34 broods, a male and a 
female. By chance, as, for example, by tossing two coins, the 
expectation for 64 throws would be two heads 16 times, two tails 16 
times and a head and a tail 32 times. He points out, how^ever, that 
we must take into accoimt that there were 68 males and only 62 
females; correcting for this, chance distribution gives the expectation 
of both males 17.7 times, both females 14.7 times, and one of each 32.4 
times, which is almost exactly the result obtained. It is therefore 
necessary he concludes, to abandon the fallacy of the bisexuality of 
the broods, beyond what would be expected from chance. 

Further observations caused him to alter also his eaflier conclusion 
as to the proportion of cases in which the first egg produces a male. 
The first egg was marked before the second was laid in 30 cases, and 
both squabs were dissected two days before they were due to hatch. 
In 15 of the cases the first egg produced a male, and in the other 15 
cases a female. It appears also, therefore, to be a matter of chance 
whether the first egg laid is male or female. Cu^not thinks it prob- 
able that Flourens did not make his observations himself, but tnisted 
to a subordinate. 

At the time we began our observations we were unaware of Cu^not's 
work. While the popular notions seemed a priori extremely im- 
probable, if they were true they presented some very interesting and 
important theoretical as well as practical problems, and it seemed 
advisable to accumulate as many data on this phase of the pigeon work 
as could be done consistently with the studies on inheritance. 

If it should prove true that there is a constant relation between 
the order of the laying of the eggs and the sex of the squabs hatched 
from them, or indeed if there should be a greater tendency in this 
direction than could be accoimted for by chance, it would be necessary 
to abandon, or materially to modify, the theory which seems generally 
so well established, that sex is irrevocably determined by chance 
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at the time of fertilization of the egg. Furthermore, it is difficult 
to conceive by what sort of mechanism a relationship of this sort 
could be effected, especially when we consider the irregularities which 
may occur in the egg laying of the pigeon. While it is true that they 
ordinarily lay two eggs at each nesting, it is not at all uncommon among 
domestic pigeons for the hen to lay only one, especially towards the 
beginning or end of the season; and there are occasionally females 
which seldom or never lay more than one egg at a sitting. On the 
. other hand, according to various authors (see, for example, quotation 
from Aristotle, p 478) they may occasionally lay three or even four 
(Wright, 1879, p. 33). Tegetmeier (1868, p. ]0) asserts, however, 
that they never lay more than two eggs in a nest "unless, from the 
absence of a sufficient number of male birds, two hens pair and make 
a nest, when four are laid, which of course are sterile, and after being 
sat upon for the usual'period are deserted." We have had cases of 
three eggs, but none in which we could be absolutely certain that the 
third egg was laid by the same bird, though the cicumstantial evidence 
to that effect was strong. In at least one case the third egg hatched 
normally. 

Certain birds, at least, that normally lay clutches consisting of 
a considerable number of eggs, may be induced to continue laying 
for a longer or shorter time if the eggs are removed as laid. This 
is the case with most of our domestic poultry, such as the ordinary 
hen, duck, goose, turkey, and so on. The classical example of a non- 
domesticated bird which has often been made to produce an unusual 
number of eggs in this way is the Flicker {Colaptes auraius). The 
usual clutch of the Flicker is from 6 to 9 eggs, but much larger 
numbers may be obtained if the eggs, or all but a "nest egg,*' are 
removed as laid, the largest record being of 71 eggs laid in 73 days, 
beginning about May 6th. Bums (1900, p. 45) has given a summary 
of such cases for the Flicker, and also for a number of other wild 
birds. With pigeons, however, removal of the first egg is ineffective 
in inducing the female to lay any more than two at a time; nor 
have we yet found any method by which this result may be brought 
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about. The only experimeDts on wild species which normally lay 
a restricted number that we have found mentioned are some tests 
which Levick (1914, p. 127) made in the Antarctic with McCormick's 
Skua {Megcdestris maccormicki). As in the pigeon the normal com- 
plement of this gull is only two eggs. Levick says: "In order to 
find out how many eggs a Skua would lay, I marked some nests, and 
took the eggs as they were laid. In each case a second egg was laid, 
but when this was taken no more appeared. In two nests I removed 
the first egg as soon as it was laid, but left the second, which was then 
sat upon by the parent, who was content with it, or unable to lay a 
third." It would appear that in birds which normally lay so few 
eggs at a time, the stimulus for further production caused by remov- 
ing the eggs, does not occur early enough to allow for continuous 
production. 

Considering the matter from a genetic or phylogenetic standpoint, 
it would be surprising if a definite relationship of sex to the two eggs 
of the set were to have become established in one gioup of pigeons 
and not in all. This can hardly be the case, however, for while two 
is the usual number there is apparently no uniformity in this respect 
in different members of the family Columbidae, or even within the 
genus Columba. The Red-billed Pigeon (Columba flavirostris), for 
example, is reported to lay but a single egg at each nesting; the 
Passenger Pigeon (Ectopistes migraioriiLs), formerly so abundant in 
North America, but now extinct, ordinarily laid but a single egg, but 
sometimes laid two; the Blue-headed Quail-dove (Starnoenas cyaruh 
cephala) lays one or two; while it is stated that the Mourning Dove 
(Zenaidura macroura) may even lay three or four (Davie, 1889, p. 
157). Inglis (1899) reports the laying of three eggs in a nest by a 
Bengal Green Pigeon (C. phoenicopterits). These records are from 
nests taken in the open, so of course the possibility of the extra eggs 
having been laid by a different female cannot be entirely excluded. 

The relation which the popularly assumed facts, if true, might bear to 
practical pigeon breeding is illustrated by directions which appeared 
in a pigeon paper a few years ago for enabling the breeder to maintain 
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an equality of sexes in his breeding stock. The same general idea 
is fairly current, and appears from time to time in the pigeon maga- 
zines. The article referred to first stated that the difficulty the breeder 
commonly experiences is that at the beginning of the breeding season 
he finds he has an excess of males in the stock he has saved for 
breeding. If this difference is very great it may mean considerable 
loss to a breeder raising squabs for market on a large scale. To avoid 
this difficulty the author made suggestions of procedure based on 
certain definite assumptions, somewhat as follows: (a) A pair of 
squabs, that is a male and a female, is hatched from each comple- 
ment of two eggs; (b) the first egg laid produces the male, the second 
egg gives rise to the female; (c) the first egg being laid a considerable 
time in advance of the second, hatches first, and therefore (d) the 
time of incubation being the same for both eggs, it follows that (e) 
the first squab to hatch is a male, while the female hatches sometime 
later; (f) as a consequence of being hatched earlier the male gets a 
start in growth over the female, and consequently (g) the larger squab 
of a brood is a male and the smaller a female. From these assump- 
tions the conclusion was drawn that in order to obtain an equal 
number of males and females all the breeder need do would be to 
separate the two members of each brood while he still knew which 
they were, putting the larger squab in each case into one pen and the 
smaller into another. He would then have one pen of males and the 
other of females and he could choose from them to suit his convenience. 
Directions depending upon much the same assumptions are given 
by Wright (1879, p. 33). Speaking of the two eggs of a set he says, 
"These two are in three cases out of four a cock and a hen, but by 
no means always so, as usually supposed; about twenty-five per cent, 
being pairs of one sex or the other. When one is a hen it is generally 
the last of the two, and as such likely to be stunted in growth from the 
earlier hatching of the first, which has had a start by the hen standing 
over it before the other was laid, and thus gets fed and becomes 
larger and stronger before the hen is hatched. To avoid this, laying 
should be watched for every evening, and the first egg taken away 
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and replaced by a nest egg of bone or a waste pigeon's egg, to be 
replaced the evening the second is laid. This plan will save or improve 
many a hen that otherwise would be dwarfed in rearing. " No figures 
are advanced in substantiation of the statements made. 

Assiunptions (a) and (6) have both been disproven by the obsen-a- 
tions of Cu^not (1900), and our results support his. Our general con- 
clusions were published in abstract several years ago (Gole, 1911); 
since then we have added many more corroborative data, all of which 
are presented below. Assumptions (c), (d) and (e) are considered in 
a later section; data bearing on (/) and (g) have already been pre- 
sented. Briefly, it may be said that none of these assumptions is 
true in its entirety; some are partially true, while others have no 
foundation whatever in fact. It will be noted that among these no 
mention is made of an excess of males hatched, one fact helping to 
explain their reputed excess in the breeders' lofts which appears to 
be well established. 

Our data showing the relation of sex to order of laying of the eggs, 
summarized to July 18, 1914, are presented in Table III. 
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This table contains also other records of known sexes, thus giving the 
complete total of sexes determined to that date, but the ratio obtained 
from these numbers has ahready been discussed on (p. 465). The 
first egg laid is designated the "A" egg, while the second is egg "B;" 
similarly the squabs from the two eggs are designated "A" and "B" 
according to the respective eggs from which they hatched. In case 
both eggs were laid before they were found, so that the order of laying 
was unknown, or if it was not determined which squab hatched from 
which egg, they are referred to as eggs "X" and " Y" or squabs "X" 
and " Y" to designate this fact. It is a part of the daily routine to 
mark the newly laid eggs. In the work at the Rhode Island Station 
one of the eggs was removed to the incubator a day or so before it 
was due to hatch; the squab hatching from it was marked by a 
thread tied loosely around the leg, and was then returned to the nest. 
The thread was removed when the permanent legband was put on at 
the age of 10 to 15 days.* 

The first four columns of Table III record the cases in which the 
sex of both A and B are known; in the next four columns only one, 
either A or B, is known, the other egg having been sterile, accidently 
broken, or the sex for some other reason indeterminable. In the 
following three colmnns the sex of both squabs is known, but not the 
order of laying of the eggs, or else it is not known from which egg 
a particular squab came. The following two columns show the sex of 
only one of the squabs under similar conditions; and finally in the 
last two columns are those cases in which but a single egg was laid, 
it being designated " A '' accordingly. 

The results of interest in the present connection are shown in the 
combined summaries in the rows in the lower part of the table. 
Rows 5 and 6 show a total of 845 males to 803 females, or a ratio 
of 105 : 100, which we have considered as normal. By comparing 

*A much simpler method of marking young squabs for identlBcation purposes is now emplo3'«<l. 
With scissors the claw of any desired toe may be clipped off on young squabs, mithout bleeding, ami 
without causing the bird any apparent pain. If clipped back beyond the growing region this gives 
a permanent mark by which the bird may be identified through life. We depend upon it, of course, 
only until the permanent band is put on. 
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rows 7 and 8, in which the proportion of total males to total females is 
nearly 108 : 100, we find that of the 689 known A-eggs, 299 pro- 
duced males and 290 females. This is a ratio of only 103 : 100; 
in other words, tfie excess of males from A-eggs is slightly less in this 
case than normal for both eggs. As would be expected, we find a 
correspondingly larger proportion of males to females from B-eggs, 
namely 289 males to 256 females (rows 9 and 10), or 113 : 100. 
This result confirms that which Cu^not obtained with small nimibers, 
to the effect that there is no basis in fact for the belief that the A-egg 
more often produces males and the B-egg females. 

Considering now only those cases in which the sexes of both 
squabs were determined, we note (rows 11 and 12) that there weie 
284 bisexual broods to 302 unisexual, and that of the latter 149 
consisted of two males and 153 of two females (rows 13 and 14). The 
expectation, if we assume that sex is determined by chance, would be 
equality in both instances. In the ratio of bisexual to imisexual 
broods the chances are about even that the divergence from equality 
would be as great as that observed, with the odds very slightly 
against it.* On the other hand the ratio of 149 broods 'both males' 
to 153 broods 'both females' is well within expectation.t While, 
theiefore, the numbers of the bisexual and unisexual broods are rather 
divergent, they are not so far apart as to demand any other ex- 
planation than that of a chance result, and for practical purposes 
the male as compared with the female broods may be considered as 
equal. It happens that there are four more of the latter than of the 

*Raiio obtained. 284 : 302. 
Deviation from equality = 9. 

Probable error (0.67449 ^npq; n, number of individuala, p and q, proportions expected in each 
clan, in this case H ^ each) = 8.1638. 

^^— -— - = 1.1. The odds against a deviation as great as 9 are accordingly 1.18 to 1 
Probable error ^p^^^j ^^^ ^j^^^ j914) 

tRatio obtained = 149 : 153. 
Deviation = 2. 
P. E. = 5.86. 

-2. = 0.34. 
P.E. 
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former, and therefore the total number of females in the broods in 
which the sex of both squabs was determined exceeds the total number 
of males by 8 (rows 15 and 16). This difiference, of course, cannot be 
taken as having any significance. 

Time of Laying of Eggs A and B* 

That a day intervenes between the laying of the two eggs is a 
fact known by all breeders of pigeons, but no accurate study of the 
time of laying appears to have been made. The statement by 
Wright is more definite in this respect than most. He says (Wright, 
1879, p. 33) : "Soon after matching — generally ranging from one to 
three weeks, according to age and time of year — ^the cock will begin 
to drive the hen towards her nest, and seem uneasy whenever she is 
away from it. That is a sign laying is near, and in fact the eggs 
generally appear in from two to five days after. Two are laid; the 
first usually about five or six o 'clock in the afternoon, the hen standing 
more or less over it all the next day and night, and laying the second 
egg about two o 'clock on the third day. " 

During the first eighteen months of our work an attempt was 
made to obtain as accurate records as possible of the time of laying 
and of hatching of the eggs. A routine was established of making 
hourly observations from 7 A. M. to 8 P. M,, and this was adhered 
to as far as conditions permitted. As a result we have records of 
101 sets of eggs, the time of laying of each of which is known within 
the limits of one hoiur; 12 of these records are scattered through 1907, 
while the remaining 89 were made during the months of January to 
July, inclusive, in 1908. In many cases the time of laying is known 
more closely than the limit here ascribed, but for statistical treatment 
the records have been grouped into one-hour classes, the mid-value 
of the class being the half hour. Such records as fall exactly on the 
even hour have been uniformly placed in the class preceding that 
hour; for example, an egg recorded as laid at 4 P. M. has been classed 
as 3 — 4 P. M. We have many other records in which the time of 
laying is known within a somewhat longer period than one hour, but 
such records have not been included in the present discussion. 
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A.M. 7:30 8:30 9:30 10:30 11:30 12:30 1:30 2:30 3:30 4:30 6:30 6:30 7:30P.M. 
Frequenoies. 

A-egg. 11 8 34 34 23 

B-egg. 1 1 3 25 48 20 3 

Fio. 2. Curves showing time of day the two em were laid in 101 sets; solid line, first egg; 
slotted line, second egg, on second day following first. 

The distribution of frequencies with respect to the time of laying 
of both eggs is shown in Figure 2. The unbroken line represents 
the data for the first egg, the broken line for the second; but it must 
be remembered that although for convenience of comparison the two 
curves are here superimposed, In reality egg B is laid on the second 
day following egg A, and that therefore there is a period of nearly 48 
hours between the two curves. The frequencies for the respective 
classes are given below the figure. Basing our statements entirely on 
the data here presented, we may draw the following conclusions: 

1. Egg A is always laid in the afternoon, some time between the 
hours of one and seven. 

2. Egg A is most frequently laid from four to six in the afternoon; 
the mean time is 5 :10 P. M. 

3. Egg B is usually laid early in the afternoon, most frequently 
between one and two o'clock, but may be laid as early as 8 to 9 A. M., 
and as late as 3 to 4 P. M. 

4. The mean time of laying of egg B is 1 :22 P. M. 
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5. The mean time between the laying of eggs A and B is accord- 
ingly 44.21 hours, or 44 hours, 12 minutes. 

6. From the shape of the curves it might be inferred that there 
is somewhat greater variability in the time of laying of A than of B, 
although the range of the latter is slightly greater. A comparison 
of the standard deviations in the two cases, however, shows no 
significant difference. These are: for A, 1.008 + 0.048 hours; for 
B, 1.002 + 0.048 hours. 

As stated above, the mean time intervening between the laying 
of eggs A and B is 44 hours and 12 minutes; the extremes are 42 
hours on the one hand and 47 hoiurs on the other. The distribution 
of frequencies with respect to interval between layings is shown in 
Figiure 3. The variability of this interval as measured by the 
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Fia. 3. Curve showing interval in hours between laying of first and second eggs in 101 sets- 
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standard deviation is slightly, though scarcely significantly, greater 
than the variability in the times of laying of A and B respectively 
(cr=1.120 + 0.079). 



Table IV. — Interval between laying of eggs A and B arranged by months. {In- 
cludes 89 records made in 1898.) 





Hours between laying of A and/B. 


Total. 




• Month. 


42 


43 


44 


46 


46 1 47 

1 


Mean. 


January 








1 
4 
5 
7 
9 
1 


1 
...J.... 


1 
9 
16 
22 
18 
13 
10 


45.00 


February 






1 
4 
8 
4 
6 
6 


3 1 


45.44 


March 


1 


2 
4 
4 
5 
2 


4 
3 

1 




44.56 


April 


44.41 


May 




44.39 


June 


1 
2 


43.64 


Julv 






43.40 


•' ***./ 










Total 


4 


17 


29 


27 


ll' 1 


89 


44.30 











Perhaps the most interesting fact with respect to the interval 
between the laying of A and B comes out when the records are con- 
sidered by months, as is done in Table IV. The 12 records of 1907, 
which were scattered throughout the year, are not included in this 
table. A comparison of the means for the different months shows that 
with the exception of January, for which there was but a single record, 
and which may therefore be disregarded, the mean time between 
the laying" of A and B decreases perceptibly for each month from 
February to July. This fact is shown more graphically in Figure 4, 
where the means are plotted with their values as ordinates and the 
months as abscissae. The straight line which best fits these obser- 
vations has the equation y ^== 46.02 - 0.385a:, where y is the in- 
terval between the eggs in hours and x the month of the year from 
February to July, inclusive. 
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Fxo. 4. Decrease in monthly mean Interval between laying of the two 
February to July, 1908, incluaive. 



It is unfortunate that records were not obtained for the remaining 
months of the year so that we might know whether the inten'al 
would continue to decrease or whether it would shorten again as the 
season progressed. The latter seems the more probable assumption; 
but in the absence of further records there is nothing to test it. Two 
possible explanations suggest themselves to account for the pro- 
gressive shortening of the mean interval between laying of A and 
B from February to July. In the first place it is possible that this 
change is simply a reaction to temperature conditions, the physio- 
logical processes of the bird being accelerated and the interval 
correspondingly shortened in response to the warmer weather as 
the season advances. It seems rather more probable, however, that 
Ihe physiological change in ovulating activity is directly related to 
the normal cycle of egg production in the pigeon. In domesticated 
pigeons the cycle of egg production undoubtedly extends over a 
longer period than it does in the wild state, as is the case also in the 
domestic fowl. Whether, in pigeons, this is a result of selection, 
direct or indirect, we do not know. At any rate the normal season 
of egg production may be assumed as in the spring or early sununer. 
With the extension of the season we might expect the highest activity 
of the physiological processes of egg production to occur at the normal 
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season, and a lessened activity at the beginning of the season, leading 
tip to the maximum. 

; If a female which laid one of the earliest A-eggs (1-2 P. M.) had 
laid the second egg among the latest of those recorded (3-4 P. M.) 
the interval would have been 50 hours ; on the other hand the shortest 
possible interval (A, 6-7 P. M.; B, 8-9 A. M.) by the same method 
of calculation would have been 38 hours. As a matter of fact we 
have seen (Fig. 3) that the shortest interval between the laying of A 
and B was 42 hours and the longest 47 hours. This suggests a dis- 
tinct positive correlation between the time of laying of A and B, and 
in Table V the data are displayed in the form of a correlation table. 



Table V. — CorreUUion between times of laying of first and second eggs. 







Time of laying second egg. 
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The distribution of the records in the table indicates some correlation, 
and the calculated coefficient gives r = + 0.38 +. 0.067, which is a 
very sensible correlation. The equation to the regression straight line 
is y = — 0.48 + 0.378a;, where x is the time P. M. of laying of the 
first egg, and y that of the second. By substituting in the formula 
the time that any given first egg is laid, the velue of y gives the most 
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probable time of laying of the second egg. This formula is based on 
all the available data, and is not corrected for the different months. 

For convenience of reference the more important constants wUch 
have been developed in the foregoing section are here brought 
together. 

Mean time of laying of A 5:10 P. M. 

Mean time of laying of B (on second day following A) 1 :22 P. M. 
Standard deviation of time of laying of A . . 1.008 + 0.048 hours. 
Standard deviation of time of laying of B . . 1.002 + 0.048 hours. 

Mean interval between laying of A and B 44.21 hours. 

Standard deviation of same 1.120 + 0.079 hours. 

Coefficient of correlation of laying of A and B 0.38 + 0.057. 

Regression straight line of same y = — 0.48 + 0.378x. 

Time of Hatching of Eggs A and B* 

Aristotle (1910, 562^30) gives the period of incubation of the 
pigeon as only 14 days, but it would seem as if he must here be 
referring to one of the smaller species, such as the Turtle Dove. 
Moore (1735, p. 11) in his famous "Columbarium" says: "The 
time of a pigeon 's incubation, which trouble is equally divided between 
the cock and hen, except that the hen always sits all night, is nineteen 
or twenty days from the first egg, and seventeen or eighteen from the 
last," with which statement, as regards the period of incubation, 
modern authorities are in accord. 

Oiur books at the present time contain several thousand records 
of the day of laying and the day of hatching of eggs, taken in the 
course of the regular daily routine. Since, however, the recordmg 
has not always been done at the same time of day, the period of 
accuracy may in reality sometimes be longer than a 24-hour period, as 
for example would be the case if the records were taken in the fore- 
noon of one day, and not again until the afternoon of the day follow- 
ing. We have, however, 1]8 records in which the time of hatching 
of both eggs is known wilhin a 12-hour period; for those which hatched 
in the daytime the time of incubation of the egg is indeed often known 
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within an hour or two, but for the night we seldom known the actual 
time of hatching closer than that it occurred between 6 or 8 P. M. and 8 
A. M. It seems best therefore simply to group the hatchings into half- 
day classes, the one including the daytime period from 8 A. M. to 8 
P. M., the other the nighttime from 8 P. M. to 8 o'clock the following 
momiDg.* By this method an egg hatching between 8 o'clock in 
the morning and 8 o'clock in the evening of the seventeenth day after 
the laying of egg B would be put in class " 17;" if it was not hatched 
by 8 P. M., but was found out of the shell at 8 o'clock the next morn- 
ing (that is, on the eighteenth day) it would be put into the '*17.6" 
class. As has already been stated (p. 486) one of the eggs was often 
put into the incubator a short time before hatching, and hatched 
there, but there is no reason to believe that this has had an appreciable 
effect on the results. 
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19.5 20 20.5 



Dayi. 14.5 15 155 16 16.5 17 17.5 
A-egg. 1 2 20 25 39 16 10 

B-^gg. 5 4 45 38 2021 110 1 

Fxo. 5. Curves showing the time of hatching of the first and second eggs* in dajrs after the 
lagdng of the second egg. Solid line, first egg; dotted line, second egg. 

*Am a matter of fact observations in many eases were not made after 6 P. M. Tabulations on 
this basis and on the 8 to 8 basis, show however practically no difference so far as our records 
indicate and it has accordingly seemed best to make the two classes of equal length. It should be 
remembered, however, that in an unknown proportion of the cases the night period is in reality 
longer than the day period. This may account in part for the larger number of recorded hatchings 
at night (see p. 497). 
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The distribution of frequencies with respect to time of hatching 
of both eggs is shown in Figure 5, the unbroken line connecting the 
records for the A-egg and the broken line those for B. The point of 
greatest interest which immediately impresses one on examining this 
figure is the remarkable extent to which the two polygons overlap, 
considering that there is a mean difference of sUghtly more than 44 
hours between the times of laying of the eggs whose hatchings are 
represented by the two polygons respectively. This fact is further 
brought out by considering the mean times of hatching of A and B, 
which, based on the 118 records for each, are 16.42 days for A and 
16.89 days for B, the time being reckoned in each case from the day 
on which B was laid.* In other words, we may say for practical 
purposes that although there is a mean difference of nearly two days 
in the laying of A and B, on the average A hatches 18.5 days after 
it is laid (16.5 days after B) and B hatches 17 da3rs after its is laid. 



Table VI. — Correlation between hatching of first and second eggn. 







Hatching of second egg in days after it was laid. 
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Totals.... 
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*In addition to the 118 records used above there are 13 in whicli the time of hatchinc of A is 
known, but not that of B, and in 18 oases the time of hatching of B alone is reoorded. If t 
included the mean for A is not changed, but that for B becomes 16.01. 
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Furthermore, a high degree of correlation exists between the time of 
hatching of the two eggs of a set. The data are arranged in the usual 
fashion in Table VI, and the calculated coefficient gives a correlation 
of -h 0.728 + 0.029. The class mterval used— i. e., 12 hours— is rather 
wide, and it is probable that the apparent correlation has been exag- 
gerated somewhat for this reason; that there has, however, been no 
sensible selection of the data by choosing day and night periods is 
indicated by a comparison of the means already given with those 
obtained when the records are treated separately for these periods 
as is done in Table YII. 



• Table VII. — Mean time of hatching of eggs A and B after laying of B, 
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Ego a. 


Eoo B. 




Number of 
records. 


Mean 


records. 


Mean. 


All records combined .... 
Day hatchings (8 A. M.- 

8 P. M.) 


118 

45 
73 


16.42 ± 0.05 
16.42 ± 0.07 
16.42 ± 0.06 


118 
45 

73 


16.89 ± 0.04 
17.00 + 0.05 


Night hatchings (8 P.M.— 

8 A. M.) 


16.82 + 0.05 







Although there are in both cases more eggs hatched in the night 
period than in the day* (the numbers happen to be the same for both 
A and B), the mean is unchanged for A, and in B the difference is 
not great enough to affect the results of the correlation seriously. 
We are justified in concluding, therefore, that not only is the mean 
interval between hatching of all the A eggs as compared with B a 
half day, but that for any particular set of two eggs there is a strong 
probability that B will hatch in the next half-day following the 

*ThiB may perhaps be accounted for in part by the fact that sometimeB the laat day records were 
made at 6 P. M., instead of 8 P. M. (see footnote, p. 495). This does not seem sufficient to account 
for the entire difference, but we have at present no other explanation to offer for the excess of night 
hatchings. 
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hatching of A. The proportion of cases in which A and B hatch 
in the same half-day is less than half the number of cases in which 
A hatches before B; in only a small proportion of cases does B hatch 
before A. The actual numbers are as follows: 

Number Proportion 
of cases. of toUL 

A hatched before B 79 67% 

A hatched same half-day 

asB 32 27% 

B hatched before A 7 6% 



Total 118 100% 

Attention has already been called to the longer period of incubation 
of A than of B. Leaving out the fractions, A is laid on the average 
44 hours before B, but hatches on the average only 11 hours before B. 
The difference — ^33 hours, or almost a day and a half — ^is the mean 
time by which the incubation period of A exceeds that of B. Two 
possible explanations of this difference between A and B in the time 
from laying to hatching suggest themselves: (1) Egg A may be 
physiologically different from B and require a greater amount of 
incubation, or (2) although there is a longer interval between the 
deposition and hatching of A the birds may not sit on it so closely 
when it is first laid, so that it may really receive no more incubation 
than B. The first of these suppositions is a very unlikely odc from 
a biological standpoint, for while the possibiUty of an intrinsic 
difference between A and B which might influence the time required 
for incubation, such as gross size, relation of size of yolk to amount of 
white, or what not, cannot be denied, there are no data to indicate such 
a relation. As for the second explanation, there are direct obser- 
vations in support of it. Nearly every writer on pigeons states that 
the birds do not incubate the first egg, but stand over it until the 
second is laid, when incubation properly begins. Thus going back 
to Moore (1735, p. 11) again, we find him stating that "When a 
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Pigeon has laid her first Egg, she rests one Day between, and on the 
succeeding Day lays her second: They generally stand over the first 
Egg, which if you please, you may call an improper Incubation, till the 
next is laid, and then sit close, that both young ones may be hatch'd 
at once, or pretty nearly; tho' some will sit close on the first, and 
by that means hatch one young one two Days before the other. " 
Mr. Kelley states that from his observations he is of the opinion that 
whereas the hen stands over the first egg in this manner, the cock, 
when he is on the nest, sits much closer and thus the egg receives 
some incubation before B is laid. This partial incubation probably 
accoiuits for the half-day which A hatches on the average ahead of B. 
That this is the case is further indicated by the fact that by candling 
the eggs a day or so after the laying of B the embryo may usually be 
seen to be in a further stage of development in A than in B, its greater 
development evidently representing the incubating it has received 
before B was laid. 

Even though we may not be willing to accept the teleological 
explanation of Moore for the behavior of the female in not incubating 
the first egg, we must admit neverthele^ that it has important 
biological significance. It is a well established fact for other birds 
as well as for pigeons that the parents use no judgment in feeding the 
young, but always fill up first the youngster which is most insistent. 
In this way it is the most active and vigorous individual which is 
first satisfied with food. While this may tend toward the survival 
of the fittest in a brood, it is also an example of failure in biological 
regulation. It would seem as if it were betler, so long as the food 
supply was suflBcient, for the parents' instincts to lead them to feed 
first the retarded individuals, and thus give all in the brood an equal 
chance. However this may be, every pigeon raiser knows that where 
there is much difference in size between the two squabs in a nest, the 
smaller rarely has much chance of survival unless it is given special 
attention and care. Disadvantageous difference in size is very 
frequent in pigeons, and it is our practice to exchange squabs (marked, 
of course, for identification) in nests of this sort, so as to bring together 
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those more nearly of a size and thus having more nearly equal 
opportunities. In this way we undoubtedly save many birds which 
would otherwise die of starvation or be crowded from the nest by their 
more fortunate nestmates. 

From the foregoing we may conclude then that in all probability 
the time required for incubation by the two eggs is the same, but 
although A is laid nearly two full days before B^ it receives on the 
average the 'equivalent of only about a half-day of incubation before 
B is laid^ so that its mean time of hatching is only a half-day before 
that of B. From the standpoint of the welfare of the second squab 
it would probably be better if this interval were still shorter, so that 
the eggs should hatch essentially at the same time. To this extent 
the instinct which allows A to be incubated at all in advance of B is 
imperfect. On the other hand, domesticated birds at any rate often 
breed during such cold weather that the first egg would freeze if it 
were not protected at all. 

^'Control of Sex'' in Pigeons* 

Practically all of the various factors which have been held by the 
poultryman to determine sex in poultry, have been put forward for 
pigeons as well. These include such things as size and shape of egg, 
position and size of the air space, and the like. Such theories in the 
past have admittedly had no adequate exx)erimental basis, nor have 
facts in their support been adduced which could stand the test of 
scientific proof. More recently, however, certain assertions have 
been made by Riddle as to the control of sex in pigeons, but the 
data on which these statements rest have not as yet been published 
so far as we are aware. Riddle (1914) states definitely and cate- 
gorically, however, that "By his method of controlling sex in pigeons 
Whitman showed (1) that the first young of the* season (spring and 
early sxmamer) were nearly all males, and young hatched from the 
later eggs of the season were nearly all females; (2) that if the two 
sexes arise from the two eggs of any one clutch, that it is in nearly all 
cases the first egg which produces the male, and the second egg of the 
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clutch that produces a female; (3) that birds kept thus mated and 
overworked at egg-production tend to produce in succeeding years 
fewer and fewer males before the appearance of females." 

Since Professor Whitman's records and notes have never yet been 
published, but are, we imderstand, being edited for that purpose by 
Dr. Riddle, we do not deem it advisable to enter into an extended 
discussion of these points at this time. Attention should however, 
be directed again to the fact that Cu^not's results and our own, 
which combined are of considerable magnitude, are directly con- 
tradictory to the second of ifiddle's assertions. Furthermore, if 
his other contentions are true, it is surprising how they are masked 
when the statistics are treated in their entirety — ^it seems, indeed, 
very improbable that the distribution of sexes would balance up so 
as to give such a decided indication of being chance results as has 
been shown td be the case in the present report. More attention 
will be given to this mattei in a subsequent paper, in which the 
data will be considered with respect to the different seasons and 
conditions. 

As one of us has pointed out elsewhere (Cole, 1913) ideas of sex 
determination are often confused by the pigeon breeder with mis- 
understood facts of sex-linked inheritance which come up in the 
course of his breeding operations. Because, for example, he finds 
that in certain of his matings a large proportion, amoimting in some 
cases to 100 per cent., of the dilute colored offspring (dim, silver or 
yellow) are females, he concludes that in some way sex is being 
determined other than by chance. He does not realize that instead 
of controlling sex he is simply able in certain cases to tell the sex 
of an individual by its color. In this connection, simply by way of 
example, a paper by Martin (1912), entitled "How to control the 
sex of pigeons, " may be mentioned. 
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Length of Time Pigeons will Incubate when Eggs do not 

Hatch* 

It has been claimed by Raspial (1897, 1907) that Turtle doves and 
pigeons have a very nice adjustment to the normal period of in- 
cubation of the eggs, and that if these do not hatch at the proper 
time the parents will abandon them at once. In his earlier paper 
he reports the case of a female Turtle doye ["Tourterelle vulgaire 
(Turtur aurUus) "] which twice had infertile eggs and abandoned them 
on the eighteenth day. He argues that since '' about 18 days, " is the 
period of incubation of the domestic pigeon, it is probably the same 
in all of the Columbidae, and this case accordingly proves that the 
dove "had a very exact notion of the period of incubation and 
the futility of sitting longer"! As a matter of fact the period of 
incubation of the Ring dove {Turtur Tiaorivs) is only about 15 days, 
and it is probably shorter in all the smaller doves than in the pigeon. 

In the second paper he refers again to the Turtle dove and adds the 
case of a homing pigeon which four times abandoned its eggs on the 
eighteenth day, the eggs in each case being infertile. He says it 
is then the knowledge by the female pigeon [Why the female alone, 
since both sexes take part in incubation?] of the time that should 
elapse for the eggs to hatch, that enables her to abandon them when 
they are infertile. Considering the extreme delicacy of the sense 
which Raspial claims to have shown "enables the Turtle dove to 
perceive when a profane hand has, during her absence, touched her 
eggs or young, and which leads to her abandoning them without 
pity,'' it is to him "astonishing that she has not the faculty of 
recognizing sooner that the life is not developed in so intimate a 
product of her generative organs, and that it is necessary for the 
whole period of incubation to elapse for her to comprehend the 
inutility of her efforts." He is furthermore surprised to find this 
phenomenon in birds of the same family, but living under such 
dififerent conditions, the one in captivity, the other free. He points 
out that in contrast to pigeons the domestic fowl has lost this "notion 
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of the time of incubation," and "will frequently incubate infertile 
eggs until completely exhausted, if no one takes the trouble to stop 
her." 

Anyone who has had even a little experience raismg pigeons 
well knows that Raspial's generalization with regard to their always 
abandoning their eggs on the eighteenth day in case they do not 
batch is unfoimded and unjustified. Wright (1879, p. 40) observes 
incidentally on this point: "We have occasionally kept birds we 
desired as feeders as much as seven days on eggs (in one case eleven 
days) beyond the proper time of hatching, and then given them young 
ones only two days old. ' ' 

Even before we knew of Raspial's papers we had begun the collec- 
tion of records relating to the time the birds would continue to 
incubate the eggs in case they did not hatch. Most of the records 
were made from sets in which the eggs were sterile or in which the 
embryos died, but in a few cases the eggs were boiled to prevent their 
hatching, in order that more data on this point might be obtained. 
In some cases one of the eggs became broken or was otherwise lost 
during the course of the incubating process; it was then either re- 
placed by a sterile "dummy" egg, or the birds were allowed to con- 
tinue with the one egg only. In one or two instances one egg hatched, 
but the squab dying very soon the birds continued incubating the 
other. Although the records thus represent a variety of conditions, 
they are all cases in which the birds had incubated normally the full 
17 days, and there therefore seems to be sufficient uniformity in the 
conditions influencing their behavior to allow of their all being 
treated together as is done in Table VIII. From the footnotes 
appended to the table it is seen that certain factors, such, for example, 
as the cases in which no second egg was laid, which might be con- 
ceived to have an influence on the time of sitting, are distributed 
through the records with impartial uniformity. 

The 59 matings included in the table are all for the earUer years of 
our work (1908-1910); since that time the change of method in using 
foster parents for raising the young of selected parents and the forcing 



Digitized by 



Google 



504 



Bulletin No. 162.— 1915. 



of the birds to their greatest capacity has not been consistent with 
obtaining data on the point at issue. We still, however, allow the 
birds to incubate a day or two beyond the normal period unless it is 
certain that the embryos are dead, so that from our routine exi)erience 
together with the data in Table VIII, we are able to state positively 

Table VIII. — Length of time eggs were incubated when they did not hatch: counted 
from time of laying of second egg. 

(The numbers are those of the nestings concerned; each number represents one 

record.) 
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551 
541t 


386 
332* 


714 
703 
381 


465 
331t 


Totals 


3 


4 


3 


2 


7 


6 


11 


5 


8 


5I 3 

1 


. 2 



^Record incomplete. 

tOnly one egg laid; calculation made from time second egg should have been laid. 

tOne squab hatched, but died soon. 

§Adopted squabs from another nest. 

llPoflsibly a day or so less. 

that it is very infrequently that the birds cease incubating volun- 
tarily by the eighteenth day after the \B,ying of egg B, in case they 
are allowed to retain unhatched eggs. An inspection of the Table 
shows, as a matter of fact, that under the conditions specified more 
birds stop incubating at 23 days than at any other time, and that the 
number of records falls off from this point in both directions as 
regularly as could be expected with such small numbers. The 
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maximum time any birds sat was 28 days,* whereas the mean period 
which they will sit on the eggs in case they do not hatch, as deter- 
mined from these 59 records, is 22.69 days. There is therefore 
a tendency for domestic pigeons, as represented by this group, to 
incubate the eggs not simply to the mean (17 days), nor indeed to 
the maximum (20.5 days) time of hatching, but for a somewhat 
longer period, the average being practically 23 days. The incubating 
instinct is not, therefore, one exactly adjusted to the number of 
days required for the yoimg to hatch — such an exact adjustment 
would in fact be out of the question owing to the considerable varia- 
bility of this period — ^but there is rather, as in many instincts and 
other biological adjustments, a/odor of safety. Physiological processes 
in general are characterized by variability, and nature, rather than 
drawing the line too closely, makes allowance for the extremes. In 
the present instance the factor of safety may be considered as 6 days, 
the difference between the mean time of hatching of the second egg 
and the average time the birds tend to sit. This is fully two days 
longer than necessary to hatch the eggs which required the longest 
time (20.5 days) according to our records, and if we may generalize 
from our data, fully 68% of the birds sit long enough to hatch even 
the few eggs that reach this limit. 

The foregoing data would appear to show conclusively that Raspial 
was wrong in attributing to the domestic pigeon an exact "notion of 
the time necessary for incubation" or anything comparable to it. 
For some years the senior author has desired to test the matter on 
a wild species, but has had little opportunity to do so. In the spring 
of 1914, however, with the assistance of Mr. A. R. Cahn, a complete 
record was made of the laying and incubation of a pair of Mourning 
Doves (Zenaidura macroura carolinensis). The nest was some 12 or 
15 feet from the groimd on the horizontal branch of a tamarack tree 
on the campus of the University of Wisconsin. The chronological 
history of the case is as follows : 

*The statement of a maximum of 30 days in a preliminary communication (Cole, 1911) was based 
on the time of laying of the first egg rather than the second. 
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May 4, 1914. A pair of Mourning Doves observed 'booking over the location;" 

their behavior indicated that they would probabl3' nest soon. 
May 7. Foundation of nest laid at place where birds were previously seen. 
May 10. Nest apparently complete; no eggs; birds not in evidence. 
May 12. First egg laid before 8 A. M. (no record of time of last observation on 

day previous). 
May 13. Second egg laid between 8 and 9 A. M. 
May 14. Birds incubating. 
May 23. Two eggs with dead embryos of Ring dove (Turtttr risarius) substituted 

for the Mourning Dove eggs; the latter placed in an incubator. 
May 26. Mourning Dove eggs both hatched in incubator during night; period of 

incubation 13 days from la3dng of second egg. 
May 28. Mourning Doves still incubating. 
May 29| 1 :30 P. M. Mourning Dove on nest. 
May 30, 8:30 A. M. Mourning Dove on nest. 

10:30 A. M. Nest deserted; birds not seen around it thereafter. Still 
contained the substituted eggs, thus showing it was not 
an accident to the eggs which caused the termination of 
incubation. 

While this is but a single case, the evidence it furnishes is positive, 
and there is no reason to believe it is not about what might nonnally 
be expected under similar circumstances. The points of interest to 
us may be summed up briefly: 

1. The period of incubation for both the Mourning Dove eggs was 
13 days from the time of laying of the second egg. 

2. The parent birds continued to sit on the substitute eggs for 
four days after their own eggs had hatched, which is 31 percent. of 
the period of incubation of their own eggs. In the domestic pigeons 
the "factor of safety" was determined as 6 days, or 35 per cent, of 
the mean period of incubation. 

It is interesting to note that desertion of the eggs by the Mourning 
Doves occurred after 8:30 in the morning and before 1030. K 
their habits with respect to the division of labor in incubation are 
similar to those of pigeons, the male sitting approximately from 
10 A. M. to 2 or 3 P. M., this probably means that it was the male 
bird which first failed to continue the extended incubation of the 
refractory eggs. 
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Summary* 

Below are summarized the principal conclusions of the present 
report. Although some of them may here be stated in a rather 
general form, it is to be kept in mind that they are based wholly 
on the data which have been presented, and no claim is made for 
their generality beyond this. Nevertheless it is our opinion that 
they are built on a broad enough foundation to render very probable 
their general application to domestic pigeons. 

Sex ratio. 

1. The normal ratio of the sexes of pigeons hatched is 105 males 
to 100 females (p. 465). 

Death rate. 

2. The death rate of squabs is especially high for the first two 
or three days after hatching, and at about 10 to 15 days of age 
(p. 470). 

DiffererUial mortality. 

3. When the two squabs are of distinctly different size before 
the banding age (10 to 15 days) the larger squab is more often a male 
than a female (p. 467). 

4. The death rate for the two scxes^ in bisexual broods, is essen- 
tially equal (p. 471). 

6. .There is no marked tendency for one sex to be weaker than 
the other in bisexual broods, and there is only a slight indication that 
more males than females from such broods survive to adult life — 
placed at 6 months (p. 472). 

6. A consideration of the ratio of males to females in each of the 
age groups defined does not indicate a high relative mortality of 
females in the ages preceding the adult state (p. 473). 

7. There is a high mortality of both sexes during the first two 
or three years of their adult life, and this is especially high in the 
females between the ages of one and two years (p. 476). 
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8. The higher mortality of females at early adult ages, together 
with the higher proportion of males hatched (105 : 100), may be 
in large part responsible for the prevailing notion of a considerable 
excess of male pigeons in adult populations and seems to furnish 
real substantiation for this notion. The fact that males are generally 
more easily recognized than females probably adds to this impression 
(p. 477). 

Ratio of bisextud to unisexual broods, 

9. The number of unisexual broods, in which the squabs are either 
both male or both female, somewhat exceeds in our records the bisexual 
broods (one squab of each sex), but the odds against the numbers 
obtained representing a potential equality are very slight. These 
facts are directly contradictory to the statements that the two ^^gs 
usually produce a male and a female squab (p. 487). 

10. Considering only the unisexual broods, the number of ''both 
males" to "both females" is practically equal (p. 487). 

Sex xjoUh respect to order of laying. 

11. A comparison of the numbers of each sex hatched from first 
eggs and from second eggs respectively, shows no tendency for the 
former to produce exclusively males and the later females, but as 
a matter of fact more males than females are hatched from both 
(p. 487). 

Time of laying. 

12. The mean time of laying of the first egg is about 5 P. M., and 
of the second egg about one o'clock of the attemoon of the second 
day following (p. 489). 

13. The mean interval between the laying of the two egg? is 
practically 44 hours (p. 490). 

14. The mean time between the laying of the first and second 
eggs decreases progressively in the months from February to July, 
inclusive (p. 491). 
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15. There is a very fiensible positive correlation between the time 
of laying of the first and of the second egg. The equation of the 
regression curve is given, which enables one to calculate the most 
probable time of laying of the second egg when the time the first 
was laid is known (p. 493). 

Time of hatching. 

16. The mean time of hatching of the first egg is 16.5 days 
after the laying of the second (p. 496). 

17. The mean time of hatching of the second ^gg is 17 days after 
it is laid (p. 496). 

18. On the average, therefore, the time from laying to hatching 
of the first egg is nearly a day and a half longer than it is for the 
second egg. This is probably to be accounted for by the fact that 
the first egg receives very little incubation until the second is laid 
(p. 499). 

19. There is a high correlation between the times of hatching 
of the two eggs of a clutch (p. 497). 

''Control of sex.'' 

20. So far as the data presented go, they appear to indicate 
that sex in pigeons is determined according to the laws of chance 
(p. 601). 

Time of sitting. 

21. In case the eggs do not hatch they are seldom abandoned at 
the end of the normal period of incubation, but the birds continue 
to sit on them for a time longer (p. 504). 

22. The length of time they will continue to incubate the eggs 
varies, but averages practically six days after the normal period, 
making the mean total time of incubation when the eggs do not 
hatch 23 days after the laying of the second egg (p. 504). 

23. This continuance of incubation beyond the normal time under 
such circumstances constitutes a ''factor of safety" in the incubating 
instinct (p. 505). 
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24. A pair of Mourning Doves continued to sit on substituted eggs 
for four days after their own had hatched in an incubator, thus 
disproving Raspial's assertion that wild birds have an "exact notion 
of the time required for the eggs to hatch" (p. 506). 
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Introduction* 

This bulletin treats of the field experiments on soil of the same 
general character, which have been conducted at the station plain, 
during the years 1894 to 1913, to compare different phosphatic 
materials. Reference is given to such of the data as have been pub- 
lished earlier in the station bulletins and reports, but in order that 
the reader may be acquainted easily with the main facts, even the 
published material is summarized briefly. This course is made 
especially desirable by the fact that most of the earlier publications 
are out of print. 

Three experiments are involved. No part of the first two included 
herein has been published heretofore. They were conducted under 
the supervision of the former director, H. J. Wheeler. Experiment 
I was undertaken for the purpose of determining whether the fertilizer 
mgredients of guano, as a whole, differed materially in agricultural 
value from the same amoimt of ingredients in bone, nitrate of soda, 
acid phosphate and muriate of potash. Although the applications 
were baSed upon the phosphorus content of the materials, the ex- 

*Contribution 216 from the Agricultural Ezperiznexit Station of the Rhode Island State Collese. 
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periment should not be considered as furnishing definite information 
regarding the relative availability of any single ingredient. The 
second experiment was planned to ascertain the availability of only 
the phosphorus, but during the seven years' continuance of the 
experiment, the soil itself yielded so much phosphorus that the in- 
fluence of the phosphates was not conclusive. 

The third experiment* has been conducted during sufficient time 
to afford quite definite information regarding the availability of 
phosphorus in nine different sources and its presentation comprises 
most of this bulletin. The period not covered by previous publica- 
tions extends from 1905 to 1913 and represents especially the after- 
effect exerted by the different phosphates which had been applied 
since the beginning of the experiment in 1894. Since 1913 certain 
modifications have been adopted, and applications of such phosphates 
as have been retained have been begun again. 

Owing to the recent changes in the plan, the first twenty years of 
the experiment have been considered as completing certain of its 
phases and are treated spmewhat as a unit in the final discussion. 

Experiment L A Comparison of Guanos^ Ground Bone 
and Dissolved Phosphate Rock* 

Enough of these materials was applied to the land to furnish equal 
amounts of phosphorus. They were supplemented with sufficient 
nitrate of soda and muriate of potash so that there was added also 
an equal amount of nitrogen and potassium. Exceipt in 1910, the 
guanos were not supplemented. 

The experiment was conducted from 1905 to 1910 on four of the 
permanent plats of the station, Nos. 42, 45, 47 and 48. Although the 
four plats had not been cropped alike previously and were therefore 
not strictly comparable, the entire area of each individual plat had 
been treated alike. Each plat was therefore divided into four equal 

*Until recently this ezporiment was mainly under the general direction of C. O. FlacB uid H. J. 
Wheeler, former directors and agronomists of the station, aided in the field work principally by 
Messrs. Towar, Tucker, Tillinghost, Adams and Damon as assistants in agronomy. 
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parts by crosswise paths, the three ph'osphatic materials were added 
respectively to three of the sections; and the fourth section, which was 
not in every case on a level with the others, was left without any 
manurial additions. 

The guano used on sections of plats 42 and 48 was more nitrogenous 
and less phosphatic than that used on sections of plats 45 and 47, 
as may be seen by the following percentage analyses: 

Analvses of guano Analyses of guano 
applied to applied to 

42 and 48. 45 and 47. 

1905, 1906-10. 1906, 1906-10. 

Nitrogen 9.27 7.76 2.77 3.02 

Phosphoric add 10.58 9.66 22.42 19.71 

Potassium oxid 2.29 2.21 3.57 4.08 

'Xhincha" was the commercial name of the more nitrogenous 
of the guanos used from 1906-10 and "Lobos" of the less nitrogenous 
one. 

The application of phosphoric acid (phosphorus pentoxid) was 40 
pounds per acre in 1905 and 20 pounds in 1906-10, for all plats and 
sections which received phosphorus, regardless of the source. The 
annual fertilizer applications to all manured sections were as follows: 

Pounds per acre Pounds per acre 

applied to 42 and 48. applied to 45 and 47. 

1906. 1906-0. 1910. 1905. 1906-0. 1910. 

Phosphoric acid 40.00 20.00 20.00 40.00 20.00 20.00 

Nitrogen 35.05 16.22 63.00 4.94 3.06 63.00 

Potassium oxid 8.66 4.62 150.00 6.37 4.13 150.00 

In the spring of 1910, 3,780 pounds of air-slaked lime to the acre 
were added to the entire area. Previous to this there had been none 
added except to plat 42, which received an application of 1,500 
pounds to the acre in 1897. One ton of wood ashes per acre was 
applied, however, to plats 47 and 48 in 1898. The soil must have 
been too acid during most of the experiment for the best growth of 
certain of the plants. 

The area of each section, exclusive of the dividing paths was .0310 
acre, and the weights of the crops for each year are given .for that area 
in Tables I and II. 
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In 1905 purple-top flat turnips were grown; and for a second crop 
eclipse table beets were planted, but these failed; perhaps because the 
soil was too acid. In 1906 flat turnips were again grown for the 
first crop, followed by ruta-bagas as the second crop. In 1907 the 
land was seeded to oats and a mixture of timothy, redtop, red and 
alsike clover; more of the same mixture was sown in the following 
spring and the land left in grass for two years. In 1910 a crop of 
white rock Swedish turnips was secured from the west half of each 
section and long orange carrots from the east half; the yields of each 
of these two crops are given in the tables, for .0155 acre. 

The yields for a given year which are strictly comparable are only 
those of the different sections of a given plat, for the preceding 
history of the different plats was not uniform. With the exception 
of the last year of the experiment, when the applications of nitrogen 
and potassium were sufficiently liberal so that the crop yields were 
probably determined by the amount of available phosphorus, it is 
impossible to know which fertilizer ingredient was most deficient, 
for it may have been noticed that the applications were small in each 
case, the nitrogen and potassium being limited to the amounts con- 
tained in the guanos. 

Referring to the yields given in Table I, it may be seen that from 
plat 42 without exception as large or larger crops were secured each 
year from fine ground bone than from either Chincha guano or dissolved 
phosphate rock (acid phosphate), the total yield being 2,546 pounds, 
whereas the yields with the latter two were about equal, averaging 
2,163 pounds. From plat 48, the largest total yield, 2,500 pounds, 
was secured with Chincha guano, because the turnips in the first and 
last year of the experiment yielded best on this section; with all 
other crops larger yields were secured from the bone than from the 
guano, the total being 2,435 pounds for the bone. The total yield 
with the dissolved phosphate rock and the accompanying iiigredients, 
was less, being 2,357 poimds. 

By reference to Table II it may be seen that no one of the special 
fertilizer treatments is superior to the others on both plats. Again 
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the total yields from the dissolved phosphate rock sections are less 
than from the others. The total yield from the ground bone section 
was less than from the Lobos guano section of plat 45, but in case of 
plat 47 the reverse was true. 

By adding the total yields from the sections of all four plats which 
received similar fertilizers, it is found that the fine ground bone 
supplemented with sufficient nitrate of soda and muriate of potash 
to eqiialize the nitrogen and potassium in the guanos, yielded 9,094 
pounds, as compared with 8,747 poimds from the guanos and with 
8,420 pounds where dissolved phosphate rock, nitrate of soda and 
muriate of potash furnished nitrogen, phosphorus and potassiiun 
equal in amoimt to the content of the guanos. 

The superiority of ground bone over dissolved phosphate rock 
on an acid soil is shown not only in this experiment but in the more 
extensive experiment which forms the latter part of this bulletin. In 
this connection attention is called to the phoi^horic acid content of 
the moistiure-free ruta-baga turnips grown in 1906.* The percentages 
in turnips from the four ground bone sections varied from .55 to 
.61, average .58; and from the acid phosphate sections, from .43 to 
.54, average .47. Phosphoric acid was determined also in the flat 
turnips of 1905, but from only plats 45 and 47; from the former the 
percentage in moisture-free turnips was 1.01 where the phosphorus 
was from bone and .93 where it was from dissolved phosphate rock: 
similarly from plat 47, the percentages were .91 and .83, respectively. 

The foregoing percentages indicate that the phosphorus was more 
available in the ground bone than when supplied in dissolved phos- 
phate rock. Possibly because the phosphorus in the latter entered 
into combination with iron and aluminum in the absence of calcium 
in alkaline combinations. 



*R. I. Agr. Ezpt. Sta. Bui. 164, pp. 123-4. 
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Experiment 11* Thomas Slag Phosphate^ Lobos Gtianot 
Ground Bone and Dissolved Phosphate Rock Com- 
pared as Sources of Phosphorus* 

This experiment was conducted on what was originally called 
Field B, but which now comprises permanent plats 126, 127 and 12S, 
located just west of the bam on the station plain. The field was 
divided into four plats by crosswise paths six feet wide, extending 
east and west. After the first year of the experiment, when the 
special fertilizer of each plat was applied uniformly over its entire 
area, the plats were divided into sections a and 6, the latter receiving 
no phosphates during the remainder of the e^fperiment. 

The entire area received each year 63 poimds of nitrogen and 150 
pounds of potassium oxid per acre: on the b sections after the first 
year this was applied entirely in nitrate of soda and muriate of potash, 
whereas on the a sections these materials were used only in such 
quantities as were necessary to make up the stated amoimts of nitrogen 
and potassium oxid after the different phosphates had been applied 
so as to^ furnish the amounts of phosphoric acid recorded in Table 
III along with the yields from the two sections of each plat. The 
yield from the whole plat during the first year was divided into two 
equal parts which were credited to sections a and 6 in the table. 

In 1909 the slow growth of the early cabbages indicated that the 
soil was too sour for such kinds of plants, so 2,000 pounds of calcium 
oxid in slaked Tune was mixed with the soil before setting out the 
late cabbage plants. 

It may be seen by reference to the yields given in Table III that 
the initial fertility of the soil, together with the 55 poimds of phos- 
phoric acid applied in 1904 supplied sufficient of this ingredient; 
for sections 6, which subsequently received only nitrogen and potas- 
sium, yielded about as much of the hay occupying the land during 
the first five years of the experiment, as sections a, to which phos- 
phorus was added each year. The same was true in certain instances 
even in subsequent years. 
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The slight deficiency of phosphorus in sections 6 where none was 
applied after the first year makes it impossible to draw conclusions 
regarding the availability of the phosphorus in the different sources. 
Otherwise this might have been done, since in this experiment, 
unlike the preceding one, liberal amounts of nitrogen and potassium 
were added in an attempt to make phosphorus the element which 
should control the growth. 

A few comments on the total weight of crops may be justifiable, 
although at least most of the differences are certainly within the limit 
of experimental error, as the reader may see by referring to the table. 
It may be seen that with the exception of the one accompanying 
the dissolved phosphate rock plat the 6 sections, which received no 
phosphoric acid after the first year, produced about the same total 
amounts of crops. The excepted section, for some reason not appear- 
ing in the records, was so much less productive than the others that 
the increase over it, which was correlated with the addition of 
dissolved phosphate rock, was absolutely and percentagely greater 
than the increase caused by the other phosphates over the respective 
6 sections. In spite of this, however, the total weight of crops was 
less from the dissolved phosphate rock section than from the other 
sections receiving phosphorus. 

Experiment III^ The Availability of the Phosphorus in 
Nine Different Phosphates Applied to Limed and 
Unlimed Land* 

INTRODUCTION. 

This experiment was begun in 1894 on the permanent plats num- 
bered 61 to 70. The manures for a given plat have been applied 
uniformly over its area, and liberal equal amounts of nitrate of soda 
and potash salts added to all plats each year. The odd-numbered 
plats, 51 to 69, received equal applications of slaked lime in 1894, 
1903 and 1911, whereas the even-numbered plats, 52 to 70, were left 
unlimed. 
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The relative position of the plats and the kinds of phosphate 
tested are shown by the following: 

Unlimed Limed 

plat. plat. 

52 Dissolved Boneblack 51 

54 Dissolved Bone 53 

56 Dissolved Phosphate Rock 55 

58 Fine Ground Bone 57 

60 Thomas Slag Phosphate 59 

62 Raw Phosphate Rock (Floats) 61 

64 Raw Redonda Phosphate 63 

66 * Roasted Redonda Phosphate* 65 

68 No Phosphate 67 

70 Double Superphosphate 69 

The plan of the experiment during the first five years was to apply 
to all plats receiving phosphate, amounts costing the same, but in 
1899 the plan was changed so that all plats would eventually receive 
the same amaunt of phosphorus regardless of the cost. 

After the applications of 1902 all the phosphate plats had finally 
received the same amouiit of phosphoric acid since the beginning 
of the -experiment, namely: 738.6 pounds per acre, or an average of 
82 pounds annually. From 1903 till 1913, inclusive, no phosphate 
was added to any of the plats, in order that there might be an 
opportunity for studying the after-effect of the various sources of 
phosphorus. 

THE PERIOD from 1 894 TO 1 898, WHEN THE PHOSPHATES WERE 
APPLIED ON THE BASIS OF COST. 

Corn was grown in 1894, oats in 1895, and hay in 1896, 1897 and 
1898. The detailed accounts of most of this period may be found in 
earlier publications of the station ;t but since these are no longer 
available for general distribution, and furthermore, because the 
results have never been summarized for these first five years in which 

*An idea of the composition of Redonda phosphate ia given by the following averaged deter- 
minations of two samples of the roasted material: aluminum oxid, 28.94; ferric ozid, 2.76; phos- 
phorus pcntoxid, 47.68 per cent. 

tAn. Rpt. (1894) 122-8; An. Upt. (1896) 326-43; An. Rpt. (1897) 394-408; and Bull. 58 (1899). 
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the comparison of the phosphates was on an equal-cost basis, it 
seems best at this time to consider them somewhat more fully than 
will be the case with such later published results as are still available.* 
In Table IV data are given concerning the phosphatic applications 
of the first five years. Although at the time of applying the different 
sources of phosphorus approximately the same amount of moiley 
was expended in each case, it was decided that it would be of more 
interest to the farmer of today in making plans for the future if 
current prices were adopted for the different phosphates, rather than 
those paid originally. In deciding upon these prices, which are 
given in the first column of the table, account was taken of the 
composition of the phosphates and of the prices of phosphoric acid in 
different forms, adopted recently by the northeastern experiment 
stations in connection with the valuation of fertilizers. 

These prices will be used for the various calculations throughout 
the present bulletin and as they affect directly the relative returns 
from the use of the different phosphates, it is important that they 
receive thorough consideration. Many of the phosphates are not 
now actively sold in the market and therefore have no definite com- 
mercial value at the present time. These have been valued aknost 
entirely on the basis of composition, and present cost of phosphoric 
acid in similar forms. 

The nitrogen-containing phosphates, dissolved bone and fine 
ground bone, are valued only on the basis of their content of phos- 
phoric acid, which accounts for the low prices given to them. The 
cost of the nitrogen in them was not included in the prices for the 
reason that such amoimts of nitrogen were supplied in the general 
manures that no increase in crop was expected to result from that in 
the bones. 

No similar deduction was made from the price of the Thomas 
slag phosphate on account of the lime in it, because even in the limed 
plats the acidity was never fully neutralized; and since there was a 

*BulI. 114 (1906) and 118 (1007). 
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probability that the lime was frequently beneficial it seemed best to 
allow the price to be influenced by the lime content as is the case 
commercially. 

Since the principal sources of phosphoric acid at the present time 
are the dissolved phosphate rock, fine groimd bone, Thomas slag 
phosphate and raw phosphate rock or floats, it is expected that the 
attention of the reader will be given principally to the effect of these. 
In Table IV it may be seen that about twice as much phosphoric 
acid was applied in the raw phosphate rock as in the other three 
averaged. These amoimts and the cost of the same should not be 
overlooked when observing the crop yields given in Tables V and VI, 
and the crop values given in Table VII, resulting from a imit of 
phosphoric acid applied. 

Table IV. — Sources and amounts of phosphoric acid applied per one-terdh of an 
acre in case of the different plats* 1894-1898. 



SouBCE OF Phosphorus. 



Cost per 
ton AS 
source 

of 
phoB- 
pborus. 



Application of the phos- 
phate per one-tenth 
acre. Lbs. 



1804. 



1895. 



Total 
for 1896- 

7-8. 



Phos. 

acid 
applied 

in the 

6yrs. 
Aacre. 

Lbs. 



Cost of 

the 

phos. 

acid 

at 

present 

prices. 



Dissolved boneblack 

Dissolved bone 

Dissolved phosphate rock . . . 

Pine ground bone 

Thomas slag phosphate 

Raw phosphate rock 

Raw Redonda phosphate 

Roasted Redonda phosphate . 

No phosphate 

Double superphosphate 



$15.00 
14.00 
13.00 
19.00 
14.00 
11.00 
15.00 
33.00 

37.00 



60.0 
50.4 
92.7 
42.3 
76.6 
92.7 
52.8 
33.0 
0.0 
0.0 



60.0 
,55.0 
120.0 
43.9 
66.0 
94.1 
52.9 
33.0 
0.0 
31.1 



60.0 
45.0 
73.1 
43.9 
66.0 
94.1 
52.9 
33.0 
0.0 
25.7 



31.8 
25.0 
44.5 
3&.0 
38.4 
73.9 
56.0 
45.3 
0.0 
t26.5 



$1.35 
1.05 
1.86 
1.24 
1.46 
1.54 
1.19 
1.63 
0.00 

tl.05 



*The dimensions of each plat are 30 z 193.G feet, and comprise two-fifteenths of an acre; but, in 
harvesting, the crop on the edges and ends of the plat is usually eliminated and the product from 
only one-tenth of an acre is weighed, as recorded in the following tables. 

tDuring four years instead of five, since double superphosphosphate was not included in the 
experiment until 1895. 
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Table V. — Pounds of com grown in 1894 per one-tenth acre. 



Source of Phosphorus. 



On limed plat. 


On unlimed plat. 


Hard 
ear- 


Soft 
ear- 


Stover. 


Hard 
car- 


Soft 
ear- 


Sto%'er. 


corn. 


corn. 




com. 


corn. 




304 


35 


278 


234 


44 


1(M 


227 


43 


204 


165 


37 


137 


263 


34 


236 


216 


29 


191 


160 


40 


145 


132 


38 


140 


204 


38 


182 


150 


2S 


148 


64 


56 


166 


83 


63 


108 


84 


24 


151 


75 


35 


116 


140 


38 


145 


61 


38 


76 


144 


52 


149 


126 


17 


113 



Dissolved boneblack 

Dissolved bone 

Dissolved phosphate rock . . . 

Fine ground bone 

Thomas slag phosphate .... 

Raw phosphate rock 

Raw Redonda phosphate . . . 
Roasted Redonda phosphate 
No phosphate 



Table VI. — Pounds of crops grown from 1895-1898 per one-tenth acre. 



Source of Phosphorus. 



Oats. 1893. 



! Hay. 189e-7-8. 



On limed plat. 



Grain. 



Straw. 



On unlimed plat. I q^^ ' qq 

' Jimod , unlimed 

plat, plat. 



Grain. 


Straw. 


96 


384 


101 


480 


113 


797 


84 


646 


91 


529 


76 


444 


50 


370 


53 


358 


35 


286 


80 


331 



Dissolved boneblack 

Dissolved bone 

Dissolved phosphate rock. . . 

Fine ground bone 

Thomas slag phosphate 

Raw phosphate rock 

Raw Redonda phosphate 

Roasted Redonda phosphate . 

No phosphate 

Double superphosphate 



118 
961 

103 
87 
94 
70 
61 
41 1 
47I 
821 



566 
920 
619 
5841 
646 
480| 
4091 
280J 
437 
498! 



1,649 
1,463! 
1.621 
1,771 
1,680' 
1,699J 
1,129, 
1,568 
1,264 
1,464| 



712 
601 
680 
948 
1,096 
832 
385 
392 
203 
371 
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The prices assigned to the crops are as follows: Com, hard ears, 
85 cents a bu.; soft ears, 28 cents a bu.; stover, S7.00 a ton; oats, 
grain, 50 cents a bu.; straw, $8.00 a ton; hay, $16.00 a ton. 

Within the five-year period now being considered, the limed plats 
received at the time they were entered in the experiment slaked 
lime at the rate of one ton to the acre. The increased value in crops 
due to the lime, during this period, is shown in Table VII. It may 
be seen that this amounted to about $100 an acre ($9.75 per Vio acre) 
where no phosphate was applied, and the same where certain of the 
phosphates were added. However, especially with the sources of 
insoluble phosphoric acid, fine ground bone, Thomas slag phosphate, 
raw phosphate rock and raw Redonda phosphate, the increase in 
crop values due to the application of lime was considerably less; 
which means that these sources caused a greater increase in crop 
values over those of the no-phosphate plat in case of the unlimed soil 
than in case of the limed soil. This may be attributable to a greater 
availability of the sources of insoluble phosphoric acid in the acid 
unlimed soil than in the less acid limed soil, and to basic residues, 
w^hich would be expected to exert their greatest effect on the imlimed 
soil. In the case of the Thomas slag phosphate, the latter reason 
would be of especial importance; in fact there was the least difference 
between the limed and the unlimed plats in the case of this phosphate. 

It may be seen that with few exceptions the relative increase in the 
value of the crops from the different phosphate plats, as compared 
with the value from the no-phosphate plats was in the same order 
whether calculated on the basis of a 100 pounds of phosphoric acid 
applied or on one dollar's worth of phosphate, so that discussion of 
the results may be confined to the latter comparison. 

The five phosphates which gave the largest increase in value of the 
crops from a dollar's worth of phosphate are those mentioned first 
in the table: of these the fine ground bone and Thomas slag phos- 
phate ranked first on the unlimed plats and the dissolved boneblack 
and dissolved bone on the limed plats. On the unlimed plats the 
first two mentioned were doubtless superior because they are unacidu- 
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lated. The dissolved phosphate rock ranked fifth on both the luned 
and unlhned plats and was markedly superior to the raw or unaeidu- 
lated phosphate rock. The Redonda, or aluminum and iron phos- 
phates were the poorest sources. 

In comparing the relative increase in crop value due to the phos- 
phatic applications to the limed and imlimed plats, it should be 
realized that even where no phosphate was applied, the lime itself 
naturally increased the crops, so that an equal increase due to a 
phosphate used both with and without lime must result in a crop on 
the limed plat which more nearly approached the maximum than on 
the unlimed plat, and that the nearer the approach to a maximum 
^ crop, the less increase would be expected from a given amount of any 
nutrient. 

THE PERIOD FROM 1894 TO 1904, THE COMBINED PHOSPHATIC 
APPLICATIONS HAVING BEEN ADJUSTED TO AN EQUAL 
PHOSPHORUS BASIS. ^ 

The details of the experiment between the years 1899 and 1904, 
inclusive, were published in Bulletins 114 and 118, a few of which are 
still available, so that only a summary is necessary for that period. 

The plats remained seeded dowri in 1899, but were planted to com 
in 1900, miscellaneous crops in 1901, soy beans in 1902, miscellaneous 
crops in 1903, and oats in 1904. In 1903, a second ton of slaked lime 
per acre was added only to those plats which had been limed at the 
beginning of the experiment. The total amount of phosphoric acid 
added to every one of the phosphate plats was equalized by the 
application of 1902, after which no further applications were made 
within the period covered by this article; but since some of these 
were imusually large at that time, it was decided to summarize in 
Table VIII certain features of the results from the beginning of the 
experiment to 1904, inclusive, and to consider the results from 1905 to 
1913, inclusive, as due strictly to the after-eflfects of the phosphates. 

Soy bean was the only new crop which had occupied the entire field 
since the period covered by Table Vll, and this was valued at $5 
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a ton, green. During the two years devoted to miscellaneous crops 
only a small area was occupied by each crop, and the prices of these 
will be given on page 546 in connection with the prices of other 
crops yet to be considered. 

Although the second ton of lime to the acre was added only one 
year previous to the last crop included in Table VIII it is of interest 
to consider briefly again the effect of lime on the value of the crops; 
this time during the eleven years now under discussion. Where no 
phosphate was applied the crop values were increased about $200 an 
acre by the occasional addition of lime with the nitrate of soda and 
pK)tash salts. A departure from this difference in the case of any one 
of the various phosphates is attributable to some specific difference 
between the effect of the particular phosphate in the limed and 
Tinlimed soil. Although this matter will be considered more ftdly in 
subsequent pages when the results of the last nine years have been 
considered, a few suggestions now will add interest to the table. 

Only from the standpoint of reducing the natural acidity of the 
soil, those phosphates leaving alkaline or basic residues would have 
more opportunity to increase the crops on the unlimed than on the 
limed soil, thereby lessening the difference from where no phosphate 
was used. It may be observed again that this difference was less in 
case of those phosphates which had undergone no special treatment 
to increase their content of available phosphoric acid, namely: bone, 
slag phosphate, raw phosphate rock and raw Redonda phosphate. 

Considered on the other hand only as sources of available phosphorus, 
any phosphate which proved to be more available in the unlimed than 
in the limed soil would cause a greater relative increase in such soil, 
and the benefit from liming would thereby be lessened. The same 
would be true to a less extent, even of any phosphate equally avail- 
able in the limed and unlimed soil, for the reason that the growth in 
general in the limed soil approached more nearly to the maximum, 
consequently there was less opportunity there for a given amount 
of available phosphorus to increase the growth. 
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The greater increase caused by the ignited Redonda phosphate in 
the Umed than in the unUmed soil is doubtless due to the increased 
availability of its phosphorus imder those conditions. On the other 
hand, in case of raw phosphate rock and bone, a portion at least of 
the greater increase in the unlimed soil is probably attributable to 
the greater solvent effect of such soil on these sources of tricalcium 
phosphate. 

Without further discussion until later of the probable reasons for 
the results, it may be pointed out that the best returns from a dollar 
expended for phosphoric acid was when it was purchased in raw 
phosphate rock, groimd bone and Thomas slag phosphate applied to 
the imlimed soil; when applied to the limed soil, however, the returns 
from the raw phosphate rock were less than from groimd bone, 
Thomas slag phpsphate, dissolved bone and dissolved phosphate 
rock. 

Although many of the phosphates caused a greater increase over 
the no-phosphate plats, in the unlimed than in the limed soil, it 
should be observed that the value of the total crops was not larger, 
because where only nitrogen and potassium were added, the crops as a 
whole were much smaller without the lime.* 

THE PERIOD FROM 190$ TO I913, WHEN THE AFTER-EFFECTS 
WERE STUDIED. 

Because the results subsequent to 1904 have not been published 
heretofore, tables containing the individual crop jrields from 1905 to 
1913, inclusive, will be given in subsequent pages. 

It will be recalled that no further application of the phosphates was 
made during this period and that the results represent the after- 
effects of the different phosphates, all of which had supplied previ- 
ously the same amount of phosphorus. 

Nitrate of soda and potash salts were applied annually as hereto- 
fore to all plats alike. The applications were equal to the following 
in poimds per acre, during the different years: 

*The average annual application of nitrogen, and potaasium ozid, to these plats was 44 and US 
pounds to the acre, respectively, from 1894 to 1904, inclusive. 
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Xitrogen 

Potassium oxid . . . 



1905. 1006. 1907. 1908. 1909. 1910. 1911. 1912. 1918. 

5050544060604040 104 

200 150 150 75 150 150 60 150 175 



The third application of lime was made in 1911 to the plats previ- 
oiisly limed; it consisted of slaked lime containing 49.93 per cent, of 
calcium oxid and 6.14 per cent, of magnesimn oxid, and was equivalent 
to 1^500 poimds of calcium oxid per acre. 

Redtop had been 80¥m with oats in 1904 and allowed to grow on the 
plats in 1905 and 1906. In July, 1906, Hungarian millet was sown, 
but the crop was not harvested. The hay yields are in Table IX. 

With the redtop in 1906 there was considerable yarrow, achiUea 
millefolium^ which was pulled and weighed green. The growth of 
this weed was shown to be retarded by acid soil, for there was more 
than ten times as much weight from the limed as from the unlimed 
plats, whereas the redtop was only about one-fifth heavier on the 
limed than on the unlimed plats in 1905 and no heavier in 1906. 
Double superphosphate was the only phosphate which showed much 
after-effect in 1906, although in 1905 the phosphate plats produced 
considerably more, with one exception, than the no-phosphate plats. 

Table IX. — Pounds of redtop hay per one-4enth acre. 



Hat. 1905. 



Limed. Unlimed, 



Hay, 1906. 



Total, 
1905 AMD 1906. 



Limed. ', Unlimed. Limed. Unlimed. 



Dissolved boneblack 

Dissolved bone 

Dissolved phosphate rock . . . 

Fine ground bone 

Thomas slag phosphate 

Raw phosphate rock 

Raw Redonda phosphate . . . 
Roasted Redonda phosphate. 

No phosphate 

Double superphosphate 



634 
570 
555 
538 
593 
540| 
460l 
540| 
491 1 
5701 



461 
460 
513 
468 
473 
465 
458 
458 
354 
480 



367 
320 
350 
368 
353 
350 
298 
298 
330 
405, 



303 
338 
343 
383 
367 
390 
327 
327 
360 
420 



1,001 
890 
905 
906 
945 
890 
758 
758 
821 
975 



764 
798 
856 
851 
840 
855 
785 
785 
714 
900 
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In 1907 a large number of miscellaneous crops were planted cross- 
wise the plats. Only in case of the millets, oats and clover were there 
more than six rows each; therefore, the actual weights, which may be 
found in Tables X to XVI, should be considered as furnishing no more 
than an indication of the compfirative after-eflfects of the phosphates 
on different kinds of crops; consequently but few special comments 
will be made. 

In Table X it is shown that the lime benefitted percentagely, the 
alfalfa and crimson clover more than the oats and cowpeas. Only 
with the oats was there any appreciable after-effect of the raw Redonda 
phosphate, but since this phosphate is practically useless under most 
circumstances it will usually be omitted from further discussion: 
on oats there was an after-effect of all the phosphates on the limed 
plats. 

Millet and com, the results with which are recorded in Table XI, are 
crops which are quite tolerant of acid soil and although the growth of 
golden millet was usually better on the limed plats, the Japanese 
millet {panicum crus-galli) and corn frequently produced as much 
on the imlimed as on the limbed plats; this was true of the ear com, 
however, rather than of the stover. On the no-phosphate plats the 
lime about doubled the yields of all the crops, perhaps mainly in case 
of these crops by increasing the availabiUty of the soil phosphorus. 

The weights of tomatoes and potatoes given in Table XII show that 
only in case of potatoes with Thomas slag phosphate, was a greater 
crop secured from the unlimed than from the limed plat, and even then 
there was not a greater weight of large potatoes. 

It is shown in Table XIII that only in case of Thomas slag phos- 
phate and raw phosphate rock was a greater weight of cucmnbers 
obtained from the unUmed than from the limed plats, although with 
the smnmer squash the crop was practically as good or better on the 
imlimed plats in half the cases. The after-effect of the phosphates 
was generally considerable. 

The three kinds of beets included in Table XIV were a failure on the 
unlimed plats because of the intolerance of beets to acid soil: this is in 
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TabliE X. — Pounds of green cowpeOf alfalfai clover and oatSf from a few rows crosS' 

wise the plats in 1907. 



Whippoorwill 

COWPBAB. 


Limed. 


Un- 
limed. 


191 


128 


173 


118 


139 


120 


143 


129 


139 


105 


125 


102 


116 


85 


179 


111 


121 


83 


150 


126 



Alpalta. 



Limed. 



Un- 
limed. 



Crxuboh 
Clovsr. 



"«»<'• u^. 



Cltdbsdalr. 
Oatb. 



Limed. 



Un- 
limed. 



I>i8solved boneblack 

rHasolved bone 

Diasolved phosphate rock . . . 

Fine ground bone 

Thomas slag phosphate 

Kaw phosphate rock 

Raw Kedonda phosphate 

Roasted Redonda phosphate . 

No phosphate 

I>ouble superphoi^hate 



19.1 
20.3 
19.5 
18.6 
17.7 
22.2 
18.7 
23.4 
19.0 
20.0 



19 

17.8 

15.5 

16.8 

17.6 

13.3 

5.3 

6.5 

4.7 

2.3 



83! 
80 
69 
78 
87 
72 
43 
78 
60 
77 



29 
60 
43 
53 
67 
62 
16 
20 
15 
19 



100 

106 

107 

116 

101 

124 

84 

110 

63 

89 



67 
81 
79 



78 
52 
32 
34 
36 



Table XI. — Pounds of green millet and fiMrCured com from eight and four rows, 
respectively, crosswise the plats in 1907. 



POTTSR'B ExCELglOB 

SwsET Corn. 




Dissolved boneblack 

Dissolved bone 

Dissolved phosphate rock 

Fine ground bone 

Thomas slag phosphate 

Haw phosphate rock 

Raw Redonda phosphate 

Roasted Redonda phosphate . . 

No phosphate 

Double superphosphate 
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Table XII. — Pounds of tomatoes and potatoes Jrom two and five rows, respectieely, 
crosswise the plats in 1007. 



Tbuckzb'8 Fatobttb 
Tomato. 



Limed. 



Ripe, Green. 



Unlimed. 



Ripe. Green. 



Grvbx Mottntain 
Potatoes. 



limed. 



Unlimed. 



Large. SmalL* Larce. SmaU. 



Dissolved boneblack 

Dissolved bone 

Dissolved phosphate rock. . . 

Fine ground bone 

Thomas slag phosphate .... 

Raw phosphate rock 

Raw Redonda phosphate . . . 
Roasted Redonda phosphate 

No phosphate 

Double superphosphate .... 



126 
107 
72 
83 
77 
58 
58 
121 
51 
49 



107 
132 
142 
154 
146 
147 

80 
138 

70 
114 



43 
41 
67 
67 
41 
16 

5 
20 
14 

5 



112 

122 

141 

141 

119 

74 

39 

73 

43 

15 



124 

110 

107 

107 

69 

45 

37 

78 

81 

40 



36 
41 
37 
37 
40 
30 
24 
43 
35 
22 



9 

10 

14 

22 

55 









0. 



63 

78 



78 
76 
20 
20 
22 
33 



Table XIII. — Number and pounds of cucumbers and summer squashes from three 
rows each, crosswise the plats in 1907. 



WHrra Spink 
CucuifBEBa. 



limed. 



Unlimed. 



Num- 
ber. 



Wt. 



Num- wt. 
ber. 



SuMinB Cbookmsoc 
Squabhes. 



limed. 



Num- I wt. 
ber. ' 



UnKmed. 



Num- 1 Wt. 
ber. , 



Dissolved boneblack 664 

Dissolved bone 670 

Dissolved phosphate rock 474 

Fine ground bone 605 

Thomas slag phosphate 510 

Raw phosphate rock | 394 

Raw Redonda phosphate 236 

Roasted Redonda phosphate . . ' 592 

No phosphate I 360 

Double superphosphate 879 



59 


326 


61 


388 


39 


356 


53 


483 


52 


615 


35 


580 



21, 239 1 

54j 222 j 

30' 120' 

86i 423' 



33 
36 
32 
42 
60 
51 
20 
19 
12 
39 



187 



164 
180 



176 



156 
176 
1721 163 
179| 157 
168| 169 
99 60 
181 1 169 
151| 119 
179, 173 



115 92 
201 I 183 
208' 177 
173! 162 
187! 158 
175t 158 
69 
76 
41 



117, 
97 
64 

112 



I 
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Tabls XIV. — Pounds of beets and dry sheUed beans from three or four rows cross- 
wise ifie plats in 1907. 



Rbd Globe 
Manobl 

WURXBLB. 



Limed. 



Un- 
limed. 



Danxbh 

Impbovbd 
Suoab Bbbtb. 



JJmed. 



Un- 
limed. 



Eablt Tablb 
Bbbtb. 



limed. 



Un- 
limed. 



Rbd 

Valbntinb 

BXAffS. 



limed, 



Un- 
limed. 



Dissolved boneblack 

Dissolved bone 

Dissolved phosphate rock — 

Fine ground bone 

Thomas slag phosphate 

Raw phosphate rock 

Raw Redonda phosphate .... 
Roasted Redonda phosphate . 

No phosphate 

Double superphosphate 



110 
79 
93 

141 

183 

80 

1 

39 

4 

100 



78 
62 
60 
64 
77 
28 

2 
26 

5 
65 



12.5 
15. 

6.5 

9. 
30. 

3. 

0. 

4. 

1.5 

1.6 











4.4 
5.4 
5.0 
5.8 
5.1 
5.0 
3.2 
5.8 
3.3 
4.4 



3.2 
3.3 
3.5 
5.8 
3.9 
3.7 
2.4 
3.8 
1.6 
3.3 



marked contrast to the results with beans considered in the same table. 
The weights of the beets illustrate the sensitiveness of this kind of a 
crop to differences in the amoimt of available phosphorus, as well as to 
differences in the acidity of the soil; they bring out marked differences 
in the after-effect of the different phosphates. Even on the limed 
plat, which was nevertheless somewhat acid, the alkalinity of the 
Thomas slag phosphate has resulted in the largest yield of beets. 
There is a marked inferiority in the after-effect of the raw phosphate 
rock and the Redonda phosphates. The beans do not exhibit any 
such marked contrasts. 

It may be seen in Table XV that the cabbage was very sensitive to 
the acidity on the unlimed plats, where the Thomas slag phosphate 
was again pre-eminent, and that differences in the after-effect of the 
phosphates in general are quite marked, as is also the case with the 
two varieties of turnips recorded in the same table. 

Table XVI furnishes additional examples of the extreme sensitive- 
ness of certain market-garden crops to the conditions which existed in 
the plats in 1907, five years after the application of any phosphate 
and four years after liming. 
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Table XV. — Pounds of turnips and cabbage from seven and four rowSj respectively, 
crosswise the plats in 1907. 



Stbap-Leaf 
FlatTxtbnips. 



Limed. 



Un- 
limed. 



BUDLONQ 
TUBNIPS. 



Limed. 



Un- 
limed. 



SUREBXAD CaBBAQC. 



Limed. 



Heads. 



Trim- 
mings. 



Unlimed. 



Heads. 



Trim- 



Dissolved boneblack 

Dissolved bone 

Dissolved phosphate rock 

Fine ground bone 

Thomas slag phosphate 

Raw phosphate rock 

Raw Redonda phosphate 

Roasted Redonda phosphate . . 

No phosphate 

Double superphosphate 



97 

106 

122 

155 

121 

101 

15 

42 

10 

109 



31 
46 
10 
76 
43 
75 

6 
20 
84 



118 
121 

69 
175 

86 

70 
3 

47 

5 

100 



77 

18 
3 

16 
144 

12 




19 



90 

82 
113 
170 
171 
117 
7 

39 
5 

72 



106 

100 

108 

129 

125 

137 

36 

77 

22 

74 



31, 
451 



67| 

281 

0| 

o| 

Oi 



31 
28 



o! 24 
27, 67 



87 

43 

7 

6 

4 

22 



Table XVI. — Pounds of fresh celery , lettuce, spinach and peas from a few rows 
crosswise the plats in 1907. 



Cblert. 



Limed. 



Thobbitrk'b 

GLA88H0178E 

Lbttuce. 



,P°- Limed, 
limed. 

I 



Un- 
limed. 



NewZbaxjlni> 

SrtNACH. 



Limed. 



Un- 
limed. 



Nott'8 

EXCELBIOB 

Peas. 



limed. 



fimed. 



Dissolved boneblack 

Dissolved bone 

Dissolved phosphate rock. . . 

Fine ground bone 

Thomas slag phosphate .... 

Raw phosphate rock 

Raw Redonda phosphate . . . 
Roasted Redonda phosphate 

No phosphate 

Double superphosphate .... 



8.0 
5.0 
8.5 
8.8 
8.3 
7.3 
3.0 
4.5 
4.8 
4.0 



1 



.7 

7.3 

.6 

1.0 

1.8 

1.9 

.5 

.5 

.6 

.6 



14.0 
26.8 
11.3 
15.3 
24.3 
12.0 

5.1 
26.5 

8.0 
17.3 



.2 
.2 
.1 
.8 
2.9 








187 
247 
156 
208 
207 
182 

46 
193 

81 
200 



78 
26 
28 



133; 26 

109' 24 

17' 17 

1 15 

2, 20 

1 16 

2 28 



9.0 
8.1 

.4J 12 2 
2; 15 6 
.3: 17.9 
146 
4.8 
5.6 
34 
5.2 
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In 1908 nearly the entire area was planted to com. Therefore the 
weights, which may be found in Table XVII, warrant more comment 
than those of any single crop of the preceding year, because of the 
small area which was then used for each of the miscellaneous crops. 
There is practically no diflference in the yield of ear com from the 
limed and unlimed plats. Except for the lower yields from the plats 
which received no phosphate and raw Redonda phosphate the differ- 
ences in yields from the various plats are probably mostly within 
the limit of experimental error. A few turnips which were grown at 
the ends of the plats however, showed decided contrasts, as was 
expected of this crop, and the results have been placed in the same 
table with those of the corn so that the comparison may be readily 
made. 

TikBiiE XVII. — Pounds of R. I. White Cap com per one-levik acre^ and of a smaU 
area of Strap-leaf Flat turnips at the ends of the plats, 1908. 





R. I. Whitb Ca.p Cobn. 


Strap-Lbaf 
Flat 

TUBNIPS. 




Limed. 


UnUmed. 




Ear 
Com. 


Stover. 


Ear 
Com. 


Stover. 


Limed. 


Un- 
limed. 


Dissolved boneblack 

Dissolved bone 


445 
465 
416 
426 
422 
408 
243 
486 
301 


395 
380 
299 
310 
270 
310 
160 
380 
26.^1 


423 
438 
436 
475 
485 
448 
290 
325 
244 
396 


310 
330 
300 
355 
360 
325 
200 
220 
140 
250 


146 

88 

34 

116 

142 

147 

10 

20 

5 

80 


15 
20 


Dissolved phosphate rock . . . 
Fine ground bone 


28 
56 


Thomas slag phosphate 

Raw phosphate rock 

Raw Redonda phosphate . . . 
Roasted Redonda phosphate. 
No phosphate 


108 

12 








Double superphosphate 


4581 430 






In 1909 the entire area was planted to potatoes, after which winter 
rye was sown. This was cut in June of the following year, when in 
bloom. The weights of these two crops may be found in Table XVIII. 

The only instance in which the yield of large or merchantable 
potatoes from an unlimed plat nearly equalled that from a limed plat 
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was in case of the plats which had received Thomas slag phosphate, 
although the combined yield of large and small potatoes was about 
the same from the limed and unlimed plats of both the dissolved and 
the fine ground bone and the raw phosphate rock. The large potatoes 
equalled about nine-tenths of the total yield from the entire limed 
area, and only about one-half the total yield from the unlimed area. 



Table XVIII. — Pounds per one-terUh acre of potatoes grown in 1909 ani of grun 

rye harvested in 1910. 





POT^TOBB. 


Rw. 




limed. 


Unlimed. 




Larse. 


SmaU. 


Lai«e. Sm«lL 


Limed. 


Un- 
loned. 


Dissolved boneblack 

Dissolved bone 


1,210 

1,169 

1,089 

999 

980 

896 

596 

. 1,086 

659 

1,053 


149 

124 
91 
83 

192 
91 
87 

113 
70 
92 


482 

658 

649 

805 

939 

558 

76 

59 

65 

227 


421 
492 
354 
298 
223 
366 
362 
364 
291 
409 


1,020 
890 
740 
820 
910 
600 
145 
800 
230 
610 


660 
395 


Dissolved phosphate rock . . . 
Fine ground bone 


340 
460 


Thomas slag phosphate 

Raw phosphate rock 

Raw Kedonda phosphate 

Roasted Redonda phosphate. 
No phosphate 


500 
230 
50 
330 
180 


Double superphosphate 


470 



Although the after-effect of the roasted Redonda phosphate was 
about equal to that of many of the better phosphates on the limed 
area, it was of no importance on the unlimed soil. 

Norcross and Green Mountain potatoes each occupied half of the 
number of lengthwise rows of each plat. On the limed plats where 
conditions were more favorable for growth, there was a small differ- 
ence in favor of the Norcross variety, but not sufficient to have any 
positive significance. 

The rye grew much better on thie limed than on the unlimed plats 
in spite of the fact that this crop is quite tolerant of soil acidit}'. 
This may be taken as an iAdication that there was a larger supply of 
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available nutrients in the limed soil. Although probably the growth 
was controlled principally by the amount of available phosphorus, it 
is probable that the 25 pounds of nitrogen per acre which was 
supplied in nitrate of soda as a top dressing (along with 150 pounds of 
potash) was not sufficient for the rye, so that the well-known influ- 
ence of lime in increasing the available Supply of this nutrient would 
have an opportunity to exert itself. 

It should be recognized also that the after-efifect of lime during the 
years when no phosphates were applied may be attributable to 
liberation of phosphorus quite as much as to improvement in the soil 
reaction, and that with crops such as rye, which are quite independent 
of this reaction, a difference in the availability of the phosphorus 
would be expected to be the main factor influencing growth. (See 
figure 1). 

After the rye was removed in Jime of 1910, Hungarian millet was 
sown, using for the only fertilizer 35 pounds per acre of nitrogen in 
nitrate of soda. In the following spring, lime was applied as stated 
elsewhere, to those plats which had been previously limed, nitrogen 
and potassiiun added as usual, and the plats seeded down with oats 
(See figure 2), timothy, red top, medium red clover and alsike clover. 
The yields of the millet, oats and rowen are given in Table XIX. 
The poorest yelds of millet were as usual from the plats which had 
received no phosphate and raw Redonda phosphate, followed by 
those from the plats to which raw phosphate rock and roasted Redonda 
phosphate had been added. 

Almost without exception the oat straw was heavier where the 
fresh application of lime was made, but the yield of grain was generally 
less there. When the oats were quite young, they presented an 
abnormal appearance, the cause of which was riot ascertained. 
This was particularly noticeable on some of the limed plats and is 
mentioned in this connection as a probable explanation of the 
decreased yields of grain on most of the luned plats. It may be 
seen that the rowen which was cut subsequently to the oats was 
markedly benefitted by the liming. 
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Table XIX. — Pounds per one-tenth acre of Hungarian hay grown after rye in 1910, 
and of oats and the foUowing rowen grown in 1911. 



UUNaA.BIAN. 



LimedJ ,V^' 
luned. 



Oats. 



Limed. 



Grain. 



Straw. 



Unlimed. 



Grain. 



Straw. 



Rowsar. 



Un- 



Dissolved boneblack 

Dissolved bone 

Dissolved phosphate rock . . . 

Fine ground bone 

Thomas slag phosphate 

Raw phosphate rock 

Raw Redonda phosphate . . . . 
Roasted Redonda phosphate . 

No phosphate 

Double superphosphate 



535 
545 
560 
550 
630 
490 
340 
510 
390 
580 



450 
480 
480 
470 
460 
400 
220 
400 
260 
460 



75 
68 
72 
46 
48 
85 
75 
80 
84 



130 
162 
158 
114 
127 
165 
125 
150 
131 
177 



97 
108 
107 
113 
117 
101 

85 
100 

42 

67 



108 

132 

108 

112 

133 

109 

90 

115 

43 

88 



165 
173 
158 
180 
195 
180 



188 
143 
180 



50 
35 
24 
28 
40 
28 



128 66 



41 
73 
57 



In Table XX may be found the weights of the hay harvested in 
1912 and 1913, and also those of some turnips which were planted 
in drills on July 17 after the removal of the hay crop of 1913. French 
turnips and strap-leaf flat turnips were planted in alternate, length- 
wise rows, and received 50 pounds of nitrogen and 75 pounds of 
potash per acre in nitrate of soda and muriate of potash. 

The growth of the turnips was very much retarded by dry weather, 
but it served to show in a decided way the after-effects of the different 
phosphates even though none of them had been added since 1902, 
eleven years before. The raw Redonda phosphate is the only one 
which failed to produce more crop than that from the plat to which no 
phosphate had been applied within the history of the experiment, and 
which received only nitrate of soda and potash, aside from the lime. 
It seems quite remarkable that soil manured in such a way, without any 
phosphorus added for at least twenty years, should produce 2.65 tons 
of field-cured hay as was the case in 1913 on the limed plat; the turnips, 
however, were practically unable to grow under such circumstances. 
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Amount of Phosphorus Applied Prior to 1903 in the Different 

Sources Mentioned Below. 

FlK. 1— Bye, 1910. 
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Fig. 2— Oats, 1011. 




1| 1 ll 



I- 

I"" 



3 

i 



Un h£ kk K04 K 



II 



III 
II 



/Goofs 



Digitized by 



Google 



Digitized by 



Google 




3 &a 

3 I 



-paan|xi;i 



-pooin 



2^ * 



P*aiHaa ^- 



•p90i!{0;l I . 
•panifi £ 



ill 

•pwin ^ 



•paminia -, 

sis 



paoniualj . 

IP 

•paairi^*' 



•pwn 



11 



It 



Digitized by 



Google 



Different Sources of Phosphorus. 



545 



Table XX. — Pounds per one4enih acre of mixed hay grown in 1912, and of hay 
{See figure S) and tumipe grown in 1913. 













rURNIPB. 1913. 




Hat. 1012. 


Hat. 


1913. 








Flat. 


French. 


Limed. 


Un- 
limnd. 


limed. 


Un- 
limed. 


limed. 


Un- 
limed. 


limed. 


Un- 
Umed. 


580 


290 


640 


440 


720 


304 


204 


58 


550 


230 


580 


290 


334 


100 


116 


24 


535 


270 


570 


330 


228 


124 


42 


26 


545 


320 


570 


350 


400 


152 


144 


28 


590 


370 


580 


390 


320 


242 


130 


64 


510 


280 


560 


360 


406 


136 


128 


22 


400 


220 


540 


360 


92 


16 


20 


6 


580 


340 


660 


320 


316 


52 


100 


10 


400 


240 


530 


360 


162 


28 


38 


6 


620 


400 


770 


430 


224 


128 


60 


30 



Dissolved boneblack 

Dissolved bone 

Dissolved phosphate rock. . . 

Fine ground bone 

Thomas slag phosphate .... 

Raw phosphate rock 

Raw Redonda phosphate. . . 
Roasted Redonda phosphate 

No phosphate 

Double superphosphate .... 



DISCUSSION OF THE FIELD RESULTS OF THE EXPERIMENT AS A WHOLE. 

The relative crop values per unit of phosphoric acid applied were 
given in Table VII for the jSrst five years of the experiment when the 
phosphorus was applied on the basis of equal cost, and again in Table 
VIII for the first eleven years, during the latter part of which tune 
the phosphatic applications had been such that finally an equal amount 
instead of an equal cost of phosphoric acid had been applied. 

The subsequent nine years have been devoted especially to showing 
the decided after-effects of the phosphates. Inasmuch as in 1914 
phosphoric applications were begun again, it appears best to bring 
together in Table XXI the combined data for the preceding twenty 
years, concerning the relative crop values per unit of phosphoric acid 
applied. 

The following prices were adopted in valuing the crops: 
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Alfalfa, green, t 18.00 

hay, t 16.00 

Barley, green« t 5. 00 

Beans, adzuki, t 5. 00 

soy, t 5.00 

valentine, bu 2.00 

Beets, sugar, t 5.00 

early table, cwt 1 .00 

Cabbage, cwt 1.00 

Celery, lb 05 

Clover, green, t 4. 00 

Com, sweet, ears, cwt 1 .00 

stover, green, t 4.00 

" dry, t 7.00 

hard, bu 85 

soft, bu 28 

Cowpea, green, t 4 .00 

Cucumbers, bu 1 .00 



Hay, t $16.00 

Hungarian, t 12.00 

Lettuce, cwt 2.00 

Mangel wurzels, t 5. 00 

Millet, green, t 4.00 

hay, t 12.00 

Oats, grain, bu 50 

straw, t 8.00 

green, t 5.00 

Peas, bu 2.00 

Potatoes, large, bu 75 

small, bu 25 

Rowen, hay, t 12.00 

Spinach, cwt 2,00 

Squash, cwt 1 .00 

Tomatoes, ripe, bu 75 

green, bu 50 

•Turnips, Budlong, bu 50 

flat, bu 25 



The raw Redonda phosphate was so unavailable under the con- 
ditions of the field experiment, where the soil of even the limed plat 
was somewhat acid, that it was thought desirable to ascertain whether 
perchance the material would prove of any value in a neutralized soil 
containing an excess of calcium carbonate. Accordingly F, R. Pember 
conducted in the greenhouse in 1915 a pot experunent for which 
soil from the unlimed raw Redonda phosphate plat of the field experi- 
ment had been taken before plowing in 1914. Generous amounts of 
nitrogen and potassium were added to all pots, the conditions bemg 
such that the growth was controlled by the amoimt of available 
phosphorus. 

Oat plants were grown in both imlimed and limed soil with raw 
Redonda phosphate, as well as with dissolved phosphate rock as 
sources of phosphorus. The limed soil was first rendered practically 
neutral with hydrated lime, allowing a number of days' contact with 
the soil, and then ground limestone at the rate of 2.5 tons per acre 
was added. 

The results were so positive after the first few weeks that the 
experiment was discontinued before the plants had time to make their 
full growth in order that the general results might be given here. 
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Even though four times as much phosphorus was added in the raw 
Redonda phosphate as in the dissolved phosphate rock, it caused no 
increase in growth either with the acid or with the neutralized soil, 
showing that this material is valueless as a source of phosphorus for 
agricultural purposes. 

Although the dissolved phosphate rock produced a normal growth, 
the crop was doing somewhat better in the unlimed than in the 
neutralized soil, thereby furnishing an indication that the soluble 
phosphoric acid may have been precipitated, by the excess of lime- 
stone, more readily than under the conditions existing in the acid soil, 
thereby reducing the availability temporarily. 

The following statements will assist in the interpretation of Table 
XXI. The phosphates were applied on an equal phosphorus basis. 
The cost of the dissolved bone and fine ground bone does not include 
the cost of the nitrogen in them, since this element was supplied 
liberally in nitrate of soda. Due to the similarity in the form of the 
phosphorus, it may be seen that the applications of the acidulated 
phosphates, dissolved boneblack, dissolved bone, dissolved phos- 
phate rock and double superphosphate, were on practically an equal 
cost basis also. 

Owing to the acid nature of these phosphates, the increase in value 
of the crops due to their application was less on the unlimed than on 
the limed plats: the same difference was true of roasted Redonda 
phosphate, but this was because of its greater availability in the limed 
soil. The sources of insoluble phosphorus gave a greater increase 
in crop on the more acid imlimed plats than on those which had been 
limed: for some reason the raw Redonda phosphate appeared to be 
actually toxic on the limed plat. 

These general observations assist in the consideration of the 
influence of the lime on the crop values. Where no phosphate was 
added the application of three tons of slaked lime per acre during the 
twenty years, costing less than $3 per %o acre, increased the crop 
values $40 per Vio acre, whereas the increase in the presence of 
raw Redonda phosphate was only $26. In the presence of the water 
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insoluble calcium phosphates the increase from liming was $29 to $33| 
'while in the presence of the acidulated phosphates, it was from $44 to 
S59. It is obvious that there are two main factors concerning the 
relative effect of lime in connection with the different phosphates, 
namely: the physiological acidity or basicity of the phosphate, and its 
relative degree of availability on the limed and unlimed plats. 

The increase in value of the crops due to the different phosphates 
added on an equal phosphorus basis is obtained by subtracting the 
value of the crops secured from the no-phosphate plats from the value 
where any given pl^osphate was applied, 73.86 pounds of phosphoric 
acid per one-tenth acre having been added in each phosphate during 
the experiment. It may be seen that there was a decrease rather 
than an increase in crop values due to the addition of raw Redonda 
phosphate to the limed plat and only a slight apparent increase in 
case of the unUmed plat. This material then seems to be valueless if 
not actually harmful. 

The greatest increase in crop value caused by roasted Redonda 
phosphate was on the limed soil, where it was superior to the raw 
phosphate rock under similar conditions; although the reverse was 
true on the imUmed plats. 

Raw phosphate rock increased the crop values $27 and $36, respec- 
tively, on the limed and unlimed plats, or 56 and 82 per cent., respec- 
tively, of the increase caused by the dissolved phosphate rock or acid 
phosphate. 

Double superphosphate was inferior to dissolved phosphate rock, 
especially on the unlimed plats. 

Considering the average with the limed and unlimed soil, dissolved 
phosphate rock increased the crop values to about the same extent as 
the somewhat similar dissolved boneblack. 

Thomas slag phosphate gave the greatest increase of any phosphate 
on the unlimed soil. This was doubtless due to the fact that it 
contained about 40 per cent, of calcium oxid, which was useful in 
reducing the soil acidity. Even on the limed plat, it was probably 
similarly useful to some extent for lime was never added to these 



Digitized by 



Google 



550 Bulletin No. 163.— 1915. 

plats in amounts which sufficiently neutralized the soil for the best 
growth of certain crops. It must not be forgotten, therefore, that 
this phosphate served as a source of lime as well as of phosphorus. 

Fine ground bone was nearly as effective as Thomas slag phosphate 
even on the unlimed plats, which indicates that it was physiologically 
basic in a marked degree as well as being highly available as a source of 
phosphorus in the unlimed soil. The nitrogen in the bone may have 
served a useful purpose in spite of the fact that nitrate of soda was 
added liberally. If so, the nutrient effect should not be attributed 
solely to the phosphorus. 

On the limed plats, dissolved boneblack gave the largest increase of 
any nitrogen-free phosphate. It should be stated, however, that the 
dissolved boneblack plats, which are located at one end of the area 
devoted to this experiment, appear somewhat unlike the remamder of 
the area, which is very uniform from plat to plat. 

Dissolved bone, which however also contains nitrogen, gave the 
largest crop values secured from any limed plat. 

Having considered the crop increases accompanying an equal 
application of phosphorus in the different phosphates, there remains to 
be discussed somewhat the increase in crop values during the twenty 
year period per one dollar expended for each phosphate, as given also 
in Table XXI. This must be done with a clear recognition of certain 
considerations; otherwise, false impressions will be gained. 

In the first place, it must be borne in mind that in this comparison 
the advantage lies with the phosphates in which the least money was 
invested, for the reason that the size of the crop was frequently 
determined in large measure by other factors than the supply of 
available phosphorus, such as lack of water, injury from pests, etc. 
In such cases, the larger amount of available phosphorus supplied by 
the more expensive phosphates does not have an opportunity to 
exert its full effect, and the returns for a dollar expended tend to be 
less favorable than with the cheaper sources. 

Again, it may have been true, during certain years, when rather 
liberal applications were made, that the most available sources sup- 
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plied more phosphorus than was necessary for the amount of growth 
made, which would be to their economic disadvantage. It is generally 
true that the nearer a crop is forced to its maximum growth by the 
addition of manures, the less will be the returns from a dollar expended 
for those manures. Raw phosphate rock, for example, caused only 
about 70 per cent, as much average increase in crop as dissolved 
phosphate rock, but gave considerably higher returns per dollar 
expended for the phosphates alone, for it cost only about half as much. 

The non-fertilizer expenses, however, are nearly as great for the 
small crop as for the larger one, so that if these items were included in 
the dollar expenditure, the relative returns in the case of the various 
phosphates would be quite different from those based upon the ex- 
penditxire for only the phosphates. 

The present experiment was conducted primarily to determine the 
relativie availability of a given amount of phosphorus. Undoubtedly 
a clearer idea of the relative returns from a given amount of money 
invested in different phosphates may be gained by attempting to 
supply such amounts as will produce crops of similarsize. Under such 
circumstances the previous considerations would not be important. 

With these cautions in mind, it may be noted that fine ground bone, 
at the cost of only its phosphorus and not of its nitrogen, gave in the 
limed soil, better returns per dollar expended for it than any other 
source of phosphorus. The reader is again reminded, however, that 
possibly the nitrogen which was not included in the cost may never- 
theless have increased the crop in some instances, even though applied 
liberally in another form. 

On the unlimed soil the raw phosphate rock gave the largest 
returns for a dollar expended for phosphorus, but the acidity was too 
great for economic crop production. A pound of phosphorus in this 
material costs about half as much as in dissolved phosphate rock, 
and it increased the crop values a little more than half as much in the 
limed soil, but about eight-tenths as much in the unlimed soil. 
A very favorable relative return is shown, therefore, if all the expense 
factors are not taken into consideration. If, however, an allowance 
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were to be made for rental and for the non-mannrial expense of 
growing the crops, which items are practically the same whether the 
crop be large or small, the economic advantage in securing the 
larger crop would be seen at once. It should of course be recognized 
that imdoubtedly raw phosphate rock would have produced larger 
crops had more of it been used. 

Thomas slag phosphate was useful not only as a source of phos- 
phorus, but in many instances, at least, as a source of calcium oxid 
for neutralizing pmposes. The entire cost of the material was 
therefore included. It and the dissolved bone, the nitrogen of which 
may have had some effect on growth but the cost of which was not 
included, ranked third and fourth, respectively, from the standpoint 
of a dollar expended for them. 

The non-nitrogenous dissolved phosphates, which rank next, need 
not be considered individually in this connection, apart from the 
table. 

In connection with any statements which may be made in a general 
way regarding the relative availability of phosphorus in this or that 
phosphate, it must always be remembered that the nature of the 
individual crop has a large influence on that availability. 

This may be shown by grouping the results secured in 1903 from 
the market garden crops, peas, turnips, cabbage, tomatoes and 
squashes, for comparison with those obtained from the general farm 
crops, crimson clover, potatoes, Japanese millet, oats and golden 
millet. All were grown on small areas crosswise the various phosphate 
plats one year after such application of phosphorus had been made 
as would equalize the amount added to each plat during the experi- 
ment, and all crops had the same manurial treatment. 

The relative availability of the phosphorus for the two preceding 
groups of crops, based upon the value of the crops of only a single 
year, was as follows: 
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S^mree of pho»phoru9 Market-garden Oeneral 

added previously, crops. farm crops. 

Dissolved bone 100 100 

Fine ground bone 94 82 

Thomas slag phosphate 84 78 

Dissolved boneblack 77 54 

Dissolved phosphate rock 71 77 

Double superphosphate 69 43 

Roasted Redonda phosphate 22 34 

Raw phosphate rock 21 46 

Raw Redonda phosphate ( — ) 3 11 

No phosphate 

The foregoing shows that the phosphorus of the raw phosphates 
given at the bottom of the table was much less available for the 
market-garden crops than for the general farm crops. The phos- 
phorus in raw phosphate rock for example was only 30 per cent, a^ 
available as that in the dissolved phosphate rock, for the market 
garden crops, whereas it was 60 per cent, as available for the general 
farm crops. 

In Rhode Island, phosphoric acid costs over twice as much in the 
dissolved as in the raw phosphate rock; nevertheless, the use of the 
former appears to be more economical where quick results are desired, 
such as with truck crops. An application in 1913 of even 2}4 times 
as much phosphorus in raw as in dissolved phosphate rock gave less 
than half as large a crop of table beets. For certain long-season 
crops, however, the present experiment indicates that raw phosphate 
rock may be used economically to increase the phosphorus-content of 
the soil where quick returns are not necessary. The results of an 
experiment now being conducted with raw and dissolved phosphate 
rock on an equal cost basis will help decide which is the more econom- 
ical to use in such circimastances. 

In Table VIII may be found the increase in crop values during the 
first eleven years of the experiment, due to the phosphorus which was 
then applied, and in Table XXI, the increase including also the last 
nine years when no more phosphorus was added. 

In the limed soil, dissolved phosphate rock produced during the 
eleven-year period 50 per cent, of the total increase in crop values, 
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and the raw phosphate rock, 42 per cent. Again, in the unlimed soil, 
the dissolved phosphate rock produced 56 per cent., and the raw 
phosphate rock 53 per cent., during that period. 

If the system of cropping, the climatic conditions, and the rate of 
availability of the phosphorus had been the same in the two periods, 
55 per cent., or eleven-twentieths, of the total increase in crop values 
would have been expected during the eleven-year period, provided 
also that the amount of available phosphorus was always the factor 
limiting growth. The fact that usually less than 55 per cent, of the 
total increase in crop values was secured during that period does not 
show that the rate of availability of the phosphorus was less during 
the period of application than later, for the conditions referred to 
above did not exist. For example, the second application of lime in 
1903 probably increased the availability of the residues from the 
phosphatic applications and thereby augmented the increase in crop 
values during the second period. 

It must also be recognized that even the comparative after-effect of 
the raw, and the dissolved, phosphate rock can be only approxi- 
mately measured by the increase in crop values, for here again the 
system of cropping would influence the relation as has been shown by 
the differences in the comparative after-effects of the two phosphatic 
materials, depending upon the kind of crop. 

Although the data do not enable a detailed discussion of the 
relative after-effects of the different phosphates, they do show that in 
general this effect of the phosphatic applications is of such magnitude 
that continued tenure of the land becomes highly desirable from the 
standpoint of economy. 

Giemical Information Concerning the Soil* 

The relative effect of different phosphates depends so much upon 
the nature of the soil that attention will now be directed to such 
laboratory determinations made from time to time as may serve to 
throw light on the problem under consideration. 
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The soil upon which the three experiments were conducted was of 
the same general nature. It was classified as Miami silt loam by the 
U. S. Bureau of Soils and is composed of glacial drift of granitic 
origin. Hot hydrochloric acid of 1.115 specific gravity dissolved 
about 4.5 per cent, of aluminic oxid, 3.5 per cent, of ferric oxid, 
0.67 per cent, of calcium oxid, and 0.15 per cent, of phosphoric acid. 
Only 0.02 per cent, of calciirai oxid was extracted by carbonated 
water. The soil contained 3 to 4 per cent, of humus of which con- 
siderable was extractable directly by ammonimn hydroxid without 
previous treatment with dilute hydrochloric acid. 

Considerable chemical work was done on samples of soil and crops 
collected in 1903 in connection with Experiment III, one year after 
the application of the phosphates had ceased.* It was then found, 
according to the Veitch limewater method that no other phosphate 
had left the surface soil so nearly neutral as Thomas slag phosphate, 
reqtiiring .08 and .11 per cent, of calcium oxid to neutralize the 
limed and unlimed soil, respectively, whereas certain plats required 
twice these amounts. In the spring of 1914 a foot-acre of soil 
required for neutralization according to the Jones calcium-acetate 
method! an average of 1,900 pounds of calcium oxid in case of the 
limed plats and 2,800 in case of the unlimed plats. The average 
amoimt of phosphoric acid extracted from the soil by different 
solvents was about as follows: 

Per cent, 
or P, O. 

Nitric acid,T 015 

Nitric acid,§ 003 

Ammonium hydroxid,T 035 

" 1 022 

" m 004 

From .38 to .59 per cent, of combined ferric and aluminic oxids 
were dissolved from the various plats by ^ nitric acid, and even § 
acid dissolved .20 per cent., most of which was apparently aluminic 

♦An. Rpt. 18. 253-285, 
fAmerican FertUixer. 39, 29 C1913). 
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oxid. Ten times as much aluminic and ferric oxids as calcium oxid 
was dissolved in -y nitric acid, or in the relation of 1.466 to .146 per 
cent., even from plats which had received two tons of air-slaked lime 
per acre in previous years. It seems evident from these relations 
that phosphorus must enter into combination quite extensively with 
iron and aluminum and become more slowly available than if the 
conditions favored its remaining in the soil in combination with 
calcium. The very satisfactory returns from bone, for example, 
which were better than from dissolved phosphate rock may be attribu- 
table to the fact that the soluble phosphorus of the latter enters 
more largely into combination with iron and aluminum than does the 
insoluble phosphorus of bone. 

It may have been observed that from the limed soil even less total 
yields were secured, during the Experiment III, where 738.6 pounds 
of phosphoric acid per acre were added in raw Redonda phosphate 
than where no phosphorus was added; and inasmuch as such crops 
from these plats as have been analyzed contained about the same 
average percentage, it follows that in the two cases practically the 
same amount of phosphorus was probably removed from the soil in the 
crops. Provided there was no difference in the amoimt removed in 
other ways, all of the added phosphorus should be represented in the 
increased phosphorus content of the soil. It was considered of 
interest to have this content determined in certain plats, so in the 
spring of 1914 soil samples were taken to the depth of one foot, 
the material coarser than 1 mm. sifted out, and the following per- 
centage of phosphoric acid was found in the tooisture-free dry soil, by 
ignition, and solution in acid.* 

limed. Unlimed. 

% % 

Dissolved phosphate rock . 175 

Raw phosphate rock 200 .196 

Raw Redonda phosphate 184 .210 

Roasted Redonda phosphate . 178 . 190 

No phosphate 174 .210 

*The determinations were made by L. P. Howard. 
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A foot-acre of the dry soil weighs about 3.1 million pounds, of 
'which about 89 per cent., or 2.76 million pounds is finer than 1 mm. 
The 738.6 pounds of phosphoric acid which was added per acre to each 
phosphate plat during the experiment is therefore equivalent to .027 
per cent, of the fine soil. Nevertheless the soil from the unlimed raw 
Redonda phosphate plat contained no greater percentage of phos- 
phoric acid than that from the check plat, even though not much 
more was removed in the crops. In case of the soil from the corre- 
sxx>nding limed plats, there is an increase of only .010 per cent, instead 
of .027 per cent. As practically the same amount of phosphorus was 
removed in the crops taken from the two plats, a loss of phosphorus 
must be accounted for in the drainage water, in dust, or in a gaseous 
condition, if the analysis of the fine soil is accepted as an accurate 
measure of the conditions. 

Inasmuch, however, as there was an oversight in not determining 
the amoimt of material coarser than 1 mm., there is no certainty that 
the percentage of such material may not have differed enough to 
render certain comparisons based upon the percentage in fine soil 
somewhat inaccurate. On this accoimt, too much emphasis should 
not be placed on small differences in the foregoing percentages. It 
may be seen in general, however, that the phosphate plats were no 
richer in phosphorus after the 20 years of cropping than those which 
received only nitrogen and potassiirai. , 

Although there has been no record kept of the additional phos- 
phorus removed in the crops from the phosphate plats, it seems 
probable that the greater part of the added phosphorus must have 
been removed in that way. 

Summary* 

This bulletin contains the details of the unpublished results, and a 
summary of the published results, secured in all the field experiments 
conducted at the station previous to 1914 with different sources of 
phosphorus. 
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Experiment I was a six-year comparison of Chincha and Lobos 
guanos, ground bone and dissolved phosphate rock applied so as to 
furnish the same amount of phosphorus; the nitrogen and potassium 
of the guanos being matched by using nitrate of soda and muriate of 
potash to supplement the bone and dissolved phosphate rock. Usually 
the three manurial elements were probably somewhat deficient so that 
phosphorus was not the only element affecting growth. During 
most of the experiment the soil was too acid for the best growth of 
some of the plants. The total yields from the ground bone, guano, 
and dissolved phosphate rock sections were 9094, 8747 and 8420 
poimds, respectively. 

In Experiment II, Thomas slag phosphate, Lobos guano, ground 
bone, and dissolved phosphate rock were compared for seven years 
on an equal phosphorus basis in the presence, in this case, of liberal 
amounts of nitrogen and potassium, with the hope that the natural 
supply of phosphorus would prove so deficient that this element 
would control the growth. This condition was not attained, how- 
ever, to a degree which warranted definite conclusions. 

Twenty years were devoted to experiment III for the purpose of 
determining the relative availability of equal amoimts of phosphorus 
in nine different phosphates applied dining the first half of the experi- 
ment, with liberal amounts of nitrate of soda and muriate of potash, 
to limed and unlimed land. During the last half only nitrogen and 
potassium were applied in order that the after-effects of the different 
sources of phosphorus might be studied. 

The results of the first five years of this experiment are tabulated by 
themselves because during that period the phosphates were added on 
the basis of equal cost. The Thomas slag phosphate and the ground 
bone were superior even to the dissolved boneblack and the dissolved 
bone on the unlimed soil, the reverse being true in case of the limed 
soil. Dissolved phosphate rock or acid phosphate ranked fifth in 
both the limed and unlimed soil, being markedly superior to the raw 
phosphate rock or floats. 
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Subsequent to the five-year period at the beginning of experiment 
III, the plan was changed so that equal amoimt of phosphorus instead 
of equal cost should eventually be the basis of comparison. The 
phosphorus was fijially equalized by the applications of 1902, after 
which no more phosphorus was added. The second tabulation of the 
results includes those from the beginning to 1904. The most avail- 
able phosphorus in both limed and imlimed soil was apparently that 
in Thomas slag phosphate, ground bone and dissolved bone; it should 
be noted, however, that the basicity of the former was doubtless 
advantageous in both cases, and that the nitrogen in the bones may 
have been useful in spite of the liberal applications of nitrate of soda. 
The dissolved boneblack and dissolved phosphate rock ranked next 
and were again considerably superior to the raw phosphate rock. 

The fijial tabulation of experiment III summarizes the entire 
twenty years and differs from the preceding one in that it includes 
also the after-effects of the phosphates. These effects are very 
striking and show the importance of continued tenure of the land. 
They left the rank of the different phosphates practically imchanged in 
case of the unlimed plats, the main change with the limed plats 
being that the dissolved boneblack was placed among those of first 
rank. The dissolved phosphate rock holds an intermediate place, 
being decidedly superior on both the limed and unlimed soil to the 
phosphates to be considered next. The double superphosphate 
seemed to need considerable lime for its greatest efficiency, for only 
on the limed soil did it rank next to the dissolved phosphate rock, 
being decidedly inferior even to the raw phosphate rock in case of the 
unlimed soil. With the limed soil, roasted Redonda phosphate was 
somewhat superior to the raw phosphate rock, although decidedly 
inferior with the unlimed soil. The raw Redonda phosphate was 
practically valueless; in fact there was evidence of a deleterious effect 
in the limed soil. 

On account of the fact that the phosphorus cost only about half 
as much in the raw phosphate rock as in most of the other sources in 
experiment III, it ranks, from the standpoint of the cost of only 
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the phosphorus, with that in Thomas slag phosphate and the bones. 
Owing to the smaller crops produced, however, it suflFers by com- 
parison with the phosphorus in the better phosphates when all the 
cost factors are considered. 

Experiment III aflfords an opportunity for observing the eflfects of 
the three tons of slaked lime per acre applied in 1894, 1903 and 1911 to 
the limed phosphate plats, in comparison with their effect where no 
phosphorus was used. In the latter case, the increase in the value 
of the crop during the twenty years, due to the lime, was about 
$400 per acre; whereas with the insoluble phosphates, ground bone, 
Thomas slag phosphate, raw phosphate rock and raw Redonda 
phosphate it was $330 and less; and with the other phosphates the 
increase was from $442 with the dissolved phosphate rock to $590 
with the double superphosphate. 
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